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UNIDEN SATELLITE RECEIVER Brand new units (model 
8008) £60.00 ref 60P4 also some 7007s aiso £60.00 ref 60P5 
SPECTRUM +2 COMPUTER Built in data recorder, 128K, psu 
and manuals £59.00 ref 59P4 
SPECTRUM «3 COMPUTER Built In disc drive, 128K, psu and 
manuals £79.00 ref 79P4 
AMSTRAD CPC464 COMPUTER No manuals but only 
£79.00 ret 79P5 
AMSTRAD CPC6128 COMPUTER Again no manuals but only 
£149.00 ref 149P4 
AMSTRAD GT65 Green screen monitor £49.00 ref 49P4 
AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD). 
£179 (PPC1512DD). £179 (PPC1640SD). £209 
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR 
PSU. 

AMSTRAD PC BARGAINI!!!!! 
PC 1512DD COMPLETE WITH CGA COLOUR MONITOR, 2 
DISC DRIVES, MANUALS ETC ONLY £249.00 REF 249P4 


HIGH POWER CAR SPEAKERS. Stereo pair output 100w each 
4ohm impedance and consisting of 6 1/2" woofer 2º mid range and 
1" tweeter. Ideal to work with the amplifier described above. Price per 
pair £30.00 Order ret 30P7 

2KV 500 WATT TRANSFORMERS Suitable for high voltage 
experiments oras a spare for a microwave oven etc. 250v AC input. 
£10.00 ref 10P93 

MICROWAVE CONTROL PANEL Mains operated, with touch 
switches Complete with 4 digit display, digital clock, and 2 relay 
outputs one for power and one for pulsed power (programmable) 
Ideal for all sorts of precision timer applications etc. £6.00 ret 6P18 
FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black 
PVC. Five metre length £7.00 rei 7P29 

12V SOLAR CELL.200mA output ideal for trickle Gamo 
charging etc. 300 mm square. Our price £15.00 ref .. 


15P42 

PASSIVE INFRA-RED MOTION SENSOR. 5 
Complete with daylight sensor, adjustable lights jd 

on timer (8 secs -15 mins), 50' range with a 90... “73 
deg coverage. Manual overide facility. Com- b v 


plete with wall brackets, bulb holders etc. Brand 
new and guaranteed, £25.00 ref 25P24 

Pack of two PAR38 bubs for above unit £12 00 ret 12P43 
VIDEO SENDER UNIT Transmit both audio and video signals 
from either a video camera, video recorder or computer to any 
standard TV set within a 100' range! (tune TV to a spare channel) 
12v OC op. £15.00 ref 15P39 Suitable mains adaptor £5.00 ref 
5P191 

FM TRANSMITTERhoused in a standard working 13A 
adapter (bug is malns driven). £26.00 ref 26P2 M ok 
MINATURE RADIO TRANSCEIVERS A pair offs “a 
walkie takjes with a range of up to 2 kilometres. Units ; 
measure 22x52x155mm. Complete with cases. £30.00 L | uU 
ret 30P12 

FM CORDLESS MICROPHONE.Small hand held unit with a 500' 
rangel 2 transmit power levels reqs PP3 battery, Tuneableto any FM 
receiver. Our price £15 ref 15P42A 


10 BAND COMMUNICATIONS RECEIVER.7 short 
bands, FM, AM and LW DX/local switch, tuning ‘eye’ mains [T 
or battery. Complete with shoulder strap and mains lead 
NOW ONLY £19.00! REF 19P14. 


WHISPER 2000 LISTENING AID.Enables you to hear sounds 
that would otherwise be Inaudibiel Complete with headphones 
Cased. £5.00 ref 5P179 

CAR STEREO AND FM RADIOLow cost stereo system giving 
5 watts per channel, Signalto noise ratio better than 45db, wow and 
flutter less than 35% Neg earth. £25.00 ret 25P21 

LOW COST WALIKIE TALKIES.Pair of battery operated 

units with a range of about 150°. Our price £8.00 a pair ref 1 | 
8P50 

7 CHANNEL GRAPHIC EQUALIZE pis a 60 watt WM. ie 
power amp! 20-21KHZ 4-8R 12-14v DC negative earth. a 
Cased. £25 ref 25P14 

NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 rof 
4P44. 2 x C's £4.00 ret 4P73, 4 x D's £9.00 ref 9P12, 1 x PP3 £6.00 
ref 6P35 

TOWERS INTERNATIONAL TRANSISTOR SELECTOR 
GUIDE. The ultimate equivalents book. Latest edition £20.00 ret 
20P32 

CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ref 
3P104. Bumper pack of 1,000 ties £14.00 


VIDEO AND AUDIO MONITORING 
SYSTEM 


A an aaia 
——— 


£99.00 


Brand newunits consisting of a camera, 14cm monitor, 70 metres of 
cable, AC adapter, mounting bracket and owners manual. 240v AC 
or 12v DC operation complete withbulhin 2 way Intercom £99.00 ref 
89P2 

1991 CATALOGUE AVAILABLE NOW IF YOU DO NOT 
HAVE A COPY PLEASE REQUEST ONE WHEN ORDERING 
OR SEND US A 6"X9" SAE FOR A FREE COPY. 
GEIGER COUNTER KIT.Complete with tube, PCB and ali compo- 
nents to build a battery operated geiger counter. £39.00 ret 39P1 
FM BUG KIT.New design wth PCB embedded coil. Transmits to 
any FM radio. 9v battery req'd. £5.00 re! 5P158 

FM BUG Built and tested superior 9v operation £14.00 ret 14P3 
COMPOSITE VIDEO KITS. These convert composite video into 
separate H sync, V sync and video. 12v DC. £8.00 ref 8P39 
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 rpm 6"x4^ 1/4" 
OP shaft. New. £20.00 ref 20P22 


As above but with fitted 4 to 1 inline reduction box (800mm) and 
toothed nylon belt drive cog £40.00 ref 40P8 

SINCLAIR C5 WHEELS1 or 16” da including treaded tyre and 
Inner tube. Wheels are black, spoked one piece poly carbonate. 13" 
wheel £6.00 ref 6P20, 16" wheel £6.00 ref 6P21 

ELECTRONIC SPEED CONTROL Klor c5 motor. PCB and all 
components to build a speed controller (0-95% of speed). Uses 
pulse width modulation. £17.00 ref 17P3. 

SOLAR POWERED NICAD CHARGER Charges 4 

AA nicads in 8 hours. Brand new and cased £6.00 ref 

6P3 

MOSFETS FOR POWER AMPLIFIERS ETC.l00 

watt mostet pair 2SJ99 and 2SK343 £4.00 a pair with pin out info ref 
4P51. Also avahable is a 2SK413 and a 25J118 at £4.00 ref 4P42 
12 VOLT BRUSHLESS FAN4 1/2" square brand new ideal for 
boat, car, caravan etc. £5.00 ref 5P206 

ACORN DATA RECORDER ALF503 Made for BBC computer 
but suitable for others. Includes mains adapter, leads and book. 
£15.00 ref 15P43 

VIDEO TAPES. Three hour superior quality tapes made under 
licence from the famous JVC company. Pack of 10 tapes £20.00 ref 
20P20 

PHILIPS LASER. 2MW HELIUM NEON LASER TUBE. 
BRAND NEW FULL SPEC £40.00 REF 40P10. MAINS 
POWER SUPPLY KIT £20.00 REF 20P33 READY BUILT 
AND TESTED LASER IN ONE CASE £75.00 REF 75P4. 
SOLDER 22SWGresin cored solder on a 1/2kg reel. Top quality 
£4.00 a reel ref 4P70. 

600 WATT HEATERS Ideal for air or liquid, will not corrode, lasts 
tor years. coiliype construction 3*x2" mounted on a 4º dia metal plate 
for easy fixing. £3.00 ea ref 3P78 or 4 for £10.00 ref 10P76 

TIME AND TEMPERATURE MODULE A clock, digital ther- 
mometer (Celcius and Farenheit (0-160 deg F) programmable too 
hot and too cold alarms. Runs for at least a year on one AA battery 
£9.00 ref OPS. 

Remote temperature probe for above unit £3.00 ref 3P60 
GEARBOX KITS Ideal for models etc. Contains 18 gears (2 of 
each size) 4x50mm axles and a powerful 9-12v motor. All the gears 
etc are push fit. £3.00 for complete kit ret 3P93 

ELECTRONIC TICKET MACHINES These units contain a 
magnetic card reader, two matnx printers, motors, sensors and 
loads of electronic components etc. (12"x127x7") Good value at 
£12.00 ret 12P28 

JOYSTICKS. Brand new with 2 fire buttons and suction feet these 
units can be modified for most computers by changing the connector 
etc. Pdceis 2 for £5.00 ret 5P174 

GAS POWERED SOLDERING IRON AND BLOW TORCH 
Top quality tool with interchangeable heads and metal body. Fully 
adjustable, runs on lighter gas.£10.00 ref 10P130 

SMOKE ALARMS lonization type 5 year warranty complete with 
battery only £5.00 ret 5P206 

ANSWER MACHINES BTapproved remote message playback. 
intergral push button phone, power supply and tape Exceptional 
value at £45.00 ref 45P2 

CAR IONIZER KIT Improve the air in your cari clears smoke and 
helps to reduce fatigue. Case required. £12.00 ref 12P8 

6V 10AH LEAD ACiDsealed battery by yuasha ex equipment but 
In excelient condition now only 2 for £10.00 ref 10P85 

12 TO 220V INVERTER KITAs supplied it will handle up to about 
15 wat 220v but with alargertransformerit will handle 80 watts. Basic 
kit £12.00 ref 12P 17. Larger transformer £12.00 ref 12P41 

VERO EASI WIRE PROTOTYPING SYSTEMIdeal for design- 
ing projects on etc. Complete with toois, wire and reusable board 
Our price £6.00 ref 6P33. 

MICROWAVE TURNTABLE MOTORS. Ideal for window dis- 
plays etc. £5.00 ref 5P165. 

STC SWITCHED MODE POWER SUPPLY220v or 110v input 
giving 5v at 2A, «24v at 0.25A, «12v at 0.15A and «90v at 0.4A £6.00 
ret is 


les compatible (TTL input) new wand cased £22.00 " 22P2 
VGA PAPER WHITE MONO monitors new and cased 240v 
AC. £59.00 rei 59P4 

AMSTRAD DMP3000 PRINTER New 9 pin printer, centronics 
if £69.00 ref 69P4 

AMSTRAD DMP 3160 PRINTER New 9 pin printer, centronics 
if Sia: 00 ref fora 


c. STKO43. With the addition of 
a handful of components you can build a 25 watt amplifier. £4.00 ref 
4P69 (Circuit dia included) 
LINEAR POWER SUPPLY Brand new 220v input «5 at 3A 412 
at 1A, -12 at 1A. Short circuit protected. £12.00 ref 12P21 
MAINS FANS Snail type construction. Approx 4"x5" mounted on a 
metal plate for easy fixing. New £5.00 SP166. 


POWERFUL IONIZER KIT.Generates 10 times more ions than 
commercial units] Complete kit including case £18.00 ref 18P2 
MINI RADIO MODULE Only 2" square with ferrite aerial and tuner. 
Superhet. Req's PP3 battery. £1.00 ret BD716 

HIGH RESOLUTION MONITOR.S" black and white Philips tube 
in chassis made for OPD computer but may be suitable for others 
£20.00 ref 20P26 

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10 
£4.00 REF 4P92, PACK OF 100 £30.00 REF 30P16 

CB CONVERTORS.Converts a car radio into an AM CB receiver 
Cased with circuit diagram. £4.00 ref 4P48 

FLOPPY DISCS. Pack of 15 31/2" DSDO £10.00 ref 10P88, Pack 
of 10 51/4" DSDD £5.00 ret 5P168 

SONIC CONTROLLED MOTOR One cick to start, two click to 


BULL ELECTRICAL 


250 PORTLAND ROAD HOVE SUSSEX 
BN3.5QT TELEPHONE 0273 203500 


MAIL ORDER TERMS: CASH PO OR CHEQUE 


, WITH ORDER PLUS £2.50 POST PLUS VAT. 
PLEASE ALLOW 1244 DAYS FOR DELIVERY. 


NEXT DAY DELIVERY 28,00 
FAX 0273 23077 


> 


SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UR ^^! more can we say??£14.00 ref 147209. + 


reverse direction, 3 click to stop! £3.00 each ref 3P137 
FRESNEL MAGNIFYING LENS 83 x S2mm £1.00 ref BD827 
LCD DISPLAY. 4 1/2 digits supplied with connection data £3.00 re! 
3P77 or 5 for £10.00 ret 10P78 

ALARM TRANSMITTERS. No data avaliable but nicely made 
complex transmitters 9v operation £4.00 each ret 4PB1 

100M REEL OF WHITE BELL WIREfigure 8 pattern ideal for 
intercoms, door bells etc £3.00 a reel rei 3P107. 

TRANSMITTER RECEIVER SYSTEMonginally made for nurse 
call systems they consist of a pendant style transmitter and a 
receiver with telescopic aerial 12v. BO different channels. £12.00 ref 
12P26 

CLAP LIGHT. This device turns on a lamp at a finger ‘snap’ etc 
nicely cased with built in battery operated light. Ideal bedside ight etc 
£4.00 each ref 4P82 

ELECTRONIC DIPSTICK KIT.Contains all you need to build an 
electronic device to give a 10 level liquid indicator. £5.00 (ex case) 
ret 5P194 

UNIVERSAL BATTERY CHARGER‘ Takes AA's, C's, D's and 
PP3 nicads. Holds up to 5 batteries at once. New and cased, mains 
operated. £6.00 ref 6P36. 

ONE THOUSAND CABLE TIES!75mm x 2.4mm white nylon 
cable tes only £5.00 ref 5P181 

PC MODEMS 1200/75 baud modems designed to plug into a 
PC complete with manual but no software £18.00 ref 18P12 
ASTEC SWITCHED MODE POWER SUPPLY80mm x 165mm 
(PCB size) gives +5 at 3.75A, 412 at 1.54, -12 at 0.4A. Brand new 
£12.00 ret 12P39 

VENTILATED CASE FOR ABOVE PSUnth IEC filtered socket 
and power switch. £5.00 ref 5P190. 

IN CAR POWER SUPPLY.Piugs into ai socket and gives 


spider plug. £5.00 ref 5P167. 
CUSTOMER RETURNEDswitched mode power supplies. Mixed 
type. good for spares or repair. £2.00 each ref 2P292. 

DRILL OPERATED PUMP.Fits any drill and is self priming. £3.00 
ret 3P140 

PERSONAL ATTACK ALARM.Compiete with burt in torch and 
vanity mirror. Pocket sized, req's 3 AA batteries. £3.00 ref 3P135 
POWERFUL SOLAR CELL 1AMP .45 VOLTbnly £5.00 ret 
5P192 (other sizes avaliabie in catalogue). 

SOLAR PROJECT KIT.Consists of a solar cell, special DC motor, 
plastic fan and turntables etc plus a 20 page book on solar energy! 
Price is £8 00 ref 8P51 

RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2% 
metal film. £5.00 ref 5P170 

CAPACITOR PACK 1.100 assorted non electrolytic capacitors 
£2.00 ret 2P286. 

CAPACITOR PACK 2. 40 assorted electrolytic capacitors £2.00 
ret 2P287 

QUICK CUPPA? 12v immersion heater with lead and cigar lighter 
plug £3.00 ref 3P92 

LED PACK .50 red leds, 50 green leds and 50 yellow leds all Smm 
£8.00 ret 8P52 

FERRARI TESTAROSSA. A true 2 channel radio controlled car 
with forward, reverse, 2 gears plus turbo. Working headlights. 
£22.00 ref 22P6 

ULTRASONIC WIRELESS ALARM SYSTEMTwo units, one 
a sensor which plugs into a 13A socket in the area you wish to 
protect. The other, a central alarm unit plugs into any other socket 
elsewere In the building. When the sensor is triggered (by body 
movement etc) the alarm sounds. Adjustable sensitivity. Price per 
pair £20.00 ref 20P34. Additional sensors (max 5 per alarm unit) 
£11.00 ref 11P6. 

WASHING MACHINE PUMP.Mains operated new pump. Not self 
priming £5.00 ref 5P18 

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre paraliei. 
£5.00 ret 5P186 

COPPER CLAD STRIP BOARD 17" x 4" of 1º pitch "vero" board 
£4.00 a sheet ref 4P62 or 2 sheets for £7.00 ref 7P22 

STRIP BOARD CUTTING TOOL £2.00 ref 2P352 

3 1/2" disc drive. 720K capacity made by NEC £60.00 ret 60P2 
TV LOUDSPEAKERS. 5 watt magnetically screened 4 ohm 55 x 
125mm. £3.00 a pair ret 3P109. 

SPEAKER GRILLS set of 3 matching grilis of different diameters. 
2 packs for £2.00 (6 grills) ret 2P364 

50 METRES OF MAINS CABLE £3.00 2 core black precut In 
convenient 2 m lengths. Ideal for repairs and projects. ref 3P91 

4 CORE SCREENED AUDIO CABLE 24 METRES £2.00 
Precut into convenient 1.2 m lengths, Ref 2P 365 

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for 
easy fixing £2.00 ret 2P366 

COMPUTER MICE Originally made for Future PC's but can be 
adapted for other machines Swiss made £8.00 ref 8P57. Atari ST 
conversion kit £2.00 ref 2P362. 

6 1/2" 20 WATT SPEAKER Builtin tweeter4 ohm £5.00 ref 5P205 
5" X 3º 16 OHM SPEAKER 3 for £1.00ll ref CD213 
ADJUSTABLE SPEAKER BRACKETS Ideal for mounting 
speakers on Internal or external corners, uneven surfaces etc. 2 for 
£5.00 ret 5P207 

PIR LIGHT SWITCH Replaces a standard light switch in seconds 
light operates when anybody comes within detection range (4m) and 
stays on for an adjustable fme (15 secs to 15 mins). Complete with 
daylight sensor. Unit also functions as a dimmer switch! 200 watt 
max. Not suitable for flourescents £14.00 re! 14P10 

2 MEG DISC DRIVES 3 1/2" disc drives made by Sony housed in 
a 5 1/4" frame 1.2 meg formatted. £66.00 ref 66P1. 

CUSTOMER RETURNED 2 channel full function radio controlled 
cars only £8.00 ref 8P200 

WINDUP SOLAR POWERED RADIO! FM/AM radio takes NICAD 
batteries complete with hand charger and solar panel 14P200 

240 WATT RMS AMP KIT Stereo 30-0-30 psu required £40.00 ref 
40P200 

300 WATT RMS MONO AMP KIT £56.00 Psu required ret 55P200 
ALARM PIR SENSORS Standard 12v alarm type sensor will inter- 
face to most alarm panels. £16.00 re! 16P200 

ALARM PANELS 2 zone cased keypad entry, entry exit time delay 
etc. £18.00 ret 18P 200 

35MM CAMERAS Customer returned units with built in flash m= 
28mm lens 2 for £8.00 ref 8P200 

STEAM ENGINE Standard Mamod 1332 
engine complete with boiler piston etc £30 
ret 30P200 
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JUST A SMALL SELECTION END OF LINES 
FROM OUR RANGE OF 
OVER 120 KITS 


3” - 180K EXTERNAL FLOPPY DISC DRIVE 


KIT j ; PRICE REVERSIBLE - FDI BY AMSTRAD - BLACK 

No: DESCRIPTION £ (EA) WITH POWER SUPPLY 

1001 0.2 WATT FM TRANSMITTER 4.25 ; 

1006 — 800 WATT MUSIC TO LIGHT. $10 SPECIAL OFFER PRICE ............................. £30.00 


1009 =| WATT FM TRANSMITTER... : 5.53 
1013 - AM-FM-VHF RECEIVER... 13,62 
10144 3X700 WATT WIRELESS MUSIC-TO-LIGHT... 11.06 
1018 | GUITAR TREMELO.............. 7.24 
1022 METAL DETECTOR... * 4.25 


3.5" -720K EXTERNAL FLOPPY DISC DRIVE 
NEW - GREY CASE - BY WELL KNOWN MANUFACTURERS 
SPECIAL OFFER PRICE ....................— £26.00 


1026 RUNNING LIGHTS.. . 85 " > 1 . 
1028 4 WATT FM TRANSMITTER 1446 3.5" - 1.44M INTERNAL FLOPPY DISC DRIVE 
1034 CAR BATTERY CHECKER. RN MNT BLACK ONLY - BY WELL KNOWN MANUFACTURERS 
1036 TRANSISTOR TESTER. UN, Agmen 3.83 SPECIAL OFFER PRICE ......................0.0.0..... £39.00 
1037 DISCOSTROBO LIGHT x ' .. 11.49 —————— 
1038 AM-FM AERIAL AMPLIFIER... .. 298 LR i 
E Aa AU | san-an INTERNAL FLOPPY DISC DRIVE 
1055 FM RECEIVER USING TDA7000.....L 12.76 S 2 
1059 TELEPHONE AMPLIFIER...... " > 8.51 SPECIAL OFFER PRICE .......... is cus ems Mode £24.00 
1065 INVERTOR 12V D.C. TO !2V AC.. a RR a, = 
9 12V D.C. FLOURESCENT TUBE UNIT. 553 | CGA CARD-F/L COMPOSITE OR TTL... £12.00 
1073 TO), CRS s LE od mM 6.38 ES 
1075 ELECTRONIC DICE WITH L.E.D''S................. 6.80 " j 2 
IIl LOGIC PROBE... 383 12” VGA PAPER WHITE MONITOR ......... £75.00 
1114 ELECTRONIC LOCK es : 1.66 
1119 TELEPHONE LINE RECORDING 4.25 
1125 TELEPHONE LOCK....... . 680 JUST ARRIVED 
1129 NEGATIVE ION GENERATOR 2. 14.46 
1130 TELEPHONE "BUG" DETECTOR. 2 . 34 O 
1203 MINI FM TRANSMITTER WITH MI 

(SUPPLIED READY ASSEM BLED)...... 4.25 3 STATION NETW RK SYSTEM 


ALL PARTS FOR 3 STATIONS SUPPLIED 
INCLUDING DRIVER SOFTWARE AND DATA - 
USES TWISTED PAIR CABLE EXPANDABLE EASY 
INSTALLATION - APPROX 30 MINS. - BY WELL 
KNOWN NETWORKING MANUFACTURER - IMB 
TRANSFER RATE 


SPECIAL OFFER PRICE ........................... £97.00 


All kits contain a Silk Screened high quality P.C.B. 
components, solder, wire and FULL instruction sheet. 


SPECIAL OFFER 
60 MEG TAPE STREAMER 
DC 600 - 5.25" TRAY 
SUITABLE FOR ALL IBM COMPATIBLES 


PRICE: £150.00 SOFTWARE 
a A WORDSTAR LAN VOLUMES I & 2........0............ £35.00 
f FLOPPY DISC DRIVES . ACCOUNT NEASTER Aiae vem eme erre £30.00 
3.5 1.44M INTERNAL £48.00 1 
5.25 L2M INTERNAL £48.00 ABILITY PLUS .... DO YO, es ees kasai a At £30.00 
5.25" 1.2M EXTERNAL £51.00 PAYMASTER................... DA Ae Ža spe šie £30.00 
5:25" 360K EXTERNAL £27.00 LINK MASTER ......... E DIE uar A asc irse c RM: £30.00 
1 SUPER CALC 2 FOR CP/M PLUS .............. ~- £25.00 
ACCESSORIES LOCOMAIL FOR PCW oes £25.00 
$25" ADAPTOR KIT FOR 3.5" F DD LL £8.00 
$25" TRAY FOR 3.5" FDD ..... pereis M cia Rs) : 
POWER LEAD FOR 3.5" FDD ....... pcne E330 MOTHERBOARDS 
IDC PIN TO EDGE CONNECTOR PCB ................. £4.50 Ta — E A ae 
E ROLLER CAB A is git o AMI BIOS - ZERO RAM - SUPPORTS EMS 4.0 AND 
POWER SPLITTER ......... E id "p. ON HR oe o er pU 
HARD DRIVE CABLES a an a OAM 286 - 12 L/S 16MHz.......:.. m TI £70.00 
MICRO T SWITCH - RS232 ........... ee £7.45 286-16 L/S21MHHz........... eene] £89.00 


For a comprehensive 
guide covering our 
products please send 
a stamped A4 
envelope or loose stamps 

to the value of: 


x ABS HOBBYKIT LTD 
Xl EO carriage CREDIT CARD HOTLINE 
“=> 081-205 7485 


Europe & Eire: 


Deduct 17.5% VAT UK 
(divide Price by 1.175) UNIT 19 £0.45 
1n det old CAPITOL INDUSTRIAL PARK Europe & Eire 
Oneide Europa: . CAPITOL WAY 1.00 
deduct 17.5% LONDON NW9 0EQ Outside Europe 
eSI Uy mole d FAX No: 081-205 0603 £2.75 
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PC-SCOPE 
NTERFACE 


This interface enables any 
PC-compatible computer to be 
used as an oscilloscope. It 
samples and stores waveforms 
of any shape and speed up to 
around 1MHz. The computer 
reads the memory store and 
plots the waveform within a 
screen window. There is a 
choice of display modes, 
formatted wide or medium 
window, and high speed 
unformatted. The software is 
written in GW- Basic and may be 
used with colour or 
monochrome screens. Waveform 
frequency and amplitude are 
also calculated by the software 
and displayed on screen 
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UV EXPOSURE UNIT 


Probably the main disincentive from making your own p.c.b.s must be the 
cost of the ultra-violet exposure unit required for fast and constant results. 
However, now that the first ever surface-mount projects are appearing, 
there surely can't be a better time to get started. This project therefore 
describes a safe and inexpensive UV Exposure Unit, suitable for the 
production of traditional or SMD printed circuit-boards up to 4 inches b y 
10 inches in size. It is easy to build, and runs off a 12V d.c. supply such as 
NiCad batteries, a lead/acid battery or a mains adaptor. The circuit can also 
be used to drive ordinary 8W flourescent tubes from a 12 V supply. 
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MISCELLANEOUS P.S.U.'s, TRANSFORMERS. 
ITEMS COMPONENTS 
Camera returns: 35mm Auto P.C. P.S.U. 50 watt 115-230V input + 5V 
Flash/ Wind-on. minor faults 4A +12V 2.5A output with built in fan 

easily repairable £6.00 ea IEC intet + on off £9.95 ea 

or 2 for £10.00 ASTEC 60 Watt 115/230V input/outputs 
Dictaphone cassette, mech/record erase *5V 3.75A + 12V 1.54 — 12V 0.75A 

playback heads, 6V solenoid, motor. cased IEC inlet on/off switch.....£12.95 


hall effect switch £200ea" | STCP.S.U. 240v input SV 6A output 
T V. Printer stands £3.95 ea (converts to 12V 3A details 
Bicc- Vero Easiwire construction available) £5.95 ea 
Mit £495ea' | 240V input SV 10A output (converts to 
12V 5A no details) £5.95 ea 


TTL/CMOS short circuit snooper. .£4.95 6009 line output transformers... £1.25 ea” 


Dot matrix LCD 10x2 lines £375ea' | 240Vin0-12V0.75A out 
Dot matrix LCD 16 x 1 lines transformer £1.75* 
with Data £4.95" | 240V in 0-28V 62VA out 
2 digit 16 segment VF display transformer £2.75 
with data. £295ea" Transformer + PCB gives 2x7.5V 32VA 
4 digit intelligent dot matrix with skt for 5 or 12V regulator, will 
display. £6.00" power floppy drive £3.75ea 
17 segment V.F. display with Ultrasonic transducers (transmit + 
driver board and data £2.99 ea" : erre + £1 o, 
. to iezoelectric sounders. p 
ker wes Aa Ab 9VDC electromechanical sounder 50p* 
pos Y3.50 ea^ 24V DC electromechanical sounder. 50p 
a 2A 250V keyswitch 3 position key 
Digital clock display £2.50 removable in two positions £1.50* 
11 key membrane keypad £1.50ea DIL switches PCB MT 3/4/6 way... .35p° 
Keyboard 392mm x 180mm/100 5V SPCO SIL reed relay. 40p* 
keys on board + LCD 5V 2PCO DIL miniature relay 60p'" 


74HC05/80C49 easily 12V 2PCO or 4PCO continental 


removable £4.95 relay 60p" 
C.B. aerial eliminators £2.95 ea* 12V 10A PCB MT (to make contact) E 
19” 3U sub rack enclosures. £8.95 relay 95p, 
12V stepper motor, 48 steps.per rev. 7.3“ 100 UA panel meter £1.00 ea 

step angle £3.95 ea" 3 to 12V electro magnetic acoustic : 

= ducer with data 75p: 

Stepper motor board with 2 stotted opto tare 

+ 2 mercury tilt switches.......£3.95 ea" 2.4576/8.8329/2110 MHz e eat 
1000 mixed % watt 1% resistors. .£4.95 ea Bridges 25A 200V £1.007 
250 electrolyic axial * radial — Š 2A 100V 50p 

ea a 

250 mixed resistor networks £4.95 ea QUANTITY See ap 
240V 90mm square fans. £3.95 ea" - 
115V 4 inch square fans .£3.95 ea" 
12V 60mm square fans. £3.95 ea" 


Solar cell modules 0.45V 700mA 
£2.95 ea* 

B.B.C. Micro to disc drive lead £1.50" 
Car Burglar alarm vibration auto 

entry/exit delay £5.95 ea^ 
Single zone alarm panel auto entry /exit 
delay housed in domestic light 
Socket £9.95 ea" 


YME! 
Dept EE, 

11 Windsor Close, 
St. Ives, Huntingdon, 
Cambs PE176DW 
Tel/Fax: 0480 300819 


OMNI ELECTRONICS 


174 Dalkeith Road, Edinburgh EH16 5DX 031 667 2611 


A COMPREHENSIVE RANGE WITH 
SERVICE SECOND TO NONE 


OUR MUCH EXPANDED, BETTER 
ILLUSTRATED CATALOGUE 
COSTS £1.50 - INCLUDES 
VOUCHERS TO USE 
AGAINST FUTURE 
PURCHASES. TO RECEIVE 
A COPY PLEASE SEND 
YOUR REMITTANCE 

WITH THE VOUCHER BELOW. 


r Please send me a copy of the 1990/91 OMNI catalogue B. 
| Payment of £1.50.enclosed | 
| 

| NAME 
| ADDRESS | 
| | 
| | 
| | 
| TELEPHONE l 
= 


Open: Mon.-Thurs. 9.15 - 6.00 
Friday 9.15 - 5.00 
Saturday — 9.30 - 5.00 


EN 
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AMPLIFIERS FROM 


ul INEZ 


The UK Distributor for the 
complete ILP Audio Range 


BIPOLAR AND MOSFET MODULES 

The unique range of encapsulated amplifier 
modules with integral heatsink. 

HY30 15W Bipolar amp £12.62 HY248 120W Bipolar amp (8 ohm) £27.38 
HY60 30W Bipolar amp £12.62 HY364 180W Bipolar amp (4 ohm) £42.86 
HY6060 30W Stereo Bipolar amp — £26.46 HY368 180W Bipolar amp (8 ohm) £42.86 
HY124 60W Bipolar amp (4 ohm) £20.69 MOS128 60W Moslet amp £44.04 
Hy128 60W Bipolar emp (8 ohm) £20.69 MOS248 120W Mostet amp £50.68 
HY244 120W Bipolar amp (4 ohm) £27.38 MOS364  180W Mosfet amp £81.69 


PLATE AMPLIFIERS 
Bipolar and Mosfet modules with the same 
electronics as above amplifiers housed in a 
different extrusion without heatsink. 

HY6060P 30W Stereo Eipolar amp — £21.76 HY364P 180W Bipolar amp (4 ohm) £28.35 
HY124P 60W Bipolar emp (4 ohm) £16.14 HY368P 180W Bipolar amp (3 ohm) £28.35 
HY128P 60W Bipolar emp (8 ohm) £16.14 MOS128P 60W Mosfet amp £39.69 
HY244P 120W Bipolar amp (4 ohm) £21.91 MOS248P 120W Mostet amp £43.37 
HY248P 120W Bipolar amp (8 ohm) £21.91 MOS364P 180W Mosfet amp 


Note: These modules require additional heatsinks 


POWER SUPPLIES 
Comprising toroidal transformer and DC board to 
wer the ILP amplifier modules. 

SU30 Pre-amplifier £11.80 PSU542 HY248 £29.94 
PSU212 1 or 2 HY30 £21.04 PSU552 MOS248 £32.29 
PSU412 HY6060, HY124, 1 or 2 HY60 £23.65 PSU712 HY244(2) £34.38 
PSU422 HY128 £25.90 PSU722 HY248(2) £35.51 
PSU432 MOS128 £27.13 PSU732 HY364 £35.51 
PSU512 HY244, HY128(2 £28.81 PSU742 HY368 £37.80 
PSU522 HY124(2 £28.81 PSU752 MOS364, MOS248(2 £37.80 
PSU532 MOS128/2) £29.94 


PRE-AMPLIFIER MODULES 
These encapsulated modules are now supplied 
with 0.1" pin connectors for direct mounting into 


cb/veroboard 
Y6-1 Mono pre-ampiifier £10.01 
HY66-1 Stereo pre-amplifier £16.91 
HY83-1 Guitar pre-amplifier with overdrive and reverb £19.67 


POWER SLAVES 
These cased amplifiers are supplied assembled 
and tested in 60 and 120 watt Bipolar or Mosfet 
versions. 


US12 60 watt Bipolar (4 ohm) £83.73 US32 60 watt Mostet £114.39 
US22 120 watt Bipolar (4 ohm) £92.93 US42 120 watt Mosfet £125.62 


- å Access 
Prices include VAT at the new rate 


of 17.5% and carriage vy N 


Quantity prices available on request 
Write or phone for free Data Pack 


Jaytee Electronic Services 


143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL 
Telephone: (0227) 375254 Fax: 0227 365104 
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RTVC HAVE DONE IT AGAIN! 
We have secured all stocks of nearly new factory 
teturbished units with manufacturer approval, at 
unrepeatable prices. We also offer a 6 month 
guarantee with all units (this only applies to 
products marked * on this page.) 


Alba digital auto reverse push button AM/FM ; 
LW car stereo with separate bass/treble control 
APPSS on tape. 25 watts per channel output. 
with line output for car components use. 


* £79. 40. B 30 PP 


Sparkomatic Phoenix Digital auto reverse 
AM/FM/LW car stereo, with tape volume and 
balance control 9 watts output per channel 


* £52.40 + £2.80 pp 
AM/FM CAR RADIO CASSETTE PLAYER 


In-dash fitting controls for volume, tuning. fast forward 
and wave change. Output for two speakers. Total power 
output 10 watts. Size 178(W) x 124(D) x 43(H) mm 


(Supplied with instructions £1 6.90 +£2.60 pp 


and circuit diagram) 


fILOFAX. 
PERSONAL ORGANISER 
RADIO/CALCULATOR 
Solar Powered 
Calculator 


Eight Digit 
Display 


Battery 
Powered 
AM Radio 


High/Low 
Volume Control 


imperial, 
Metric 
Conversion 
Tables 


17 Earphone provided 


Punched with 6 holes to fit into all personat organisers 
Listed price £19.95 OUR PRICE £8.95 pius 75p p&p 


Genuine TILOFAX. complete 


with 91 calender, A to Z index and address 
section. £5.95 plus 75p p&p 


MULTIBAND RADIO 
VHF 54-176MHz + AM CB BANDS 1-80 
Listen to: AIR TRAFFIC CONTROL. 


j £17.95 AIRCRAFT. RADAR. 


PUBLIC UTILITIES, 
RADIO AMATEURS AND 
POSTAGE MANY MANY MORE 
SQUELCH CONTROL 
'RUBBER DUCK AERIAL] 


ROSS PUSH BUTTON RADIQ 
Mains and battery operated l RADIO ren- 
High quality VHF/FM 
Medium and Long Wave reception 
6 push button selected 
preset stations. 
Fully retractable telescopic 
aerial 
Headphone/earphone 
jack socket 
Size 230H x 150W x 65D 
Ref. RE -5500 
Brand new 
Listed price over £30.00 
OFFER £13.50 


+ £2.80 pp 


£2.85 


30+ 30 v WATT AMPLIFIER KIT 


An easy to build amplifier with a good specifica 

tion. All the components are mounted on the 

single PCB which is already punched and back- 

printed. 

e 30W x2 (DIN 4 ohm) 

e CD/Aux. tape |, tape II, tuner and phono in- 
puts. 

e Separate treble and bass. 

e Headphone jack 

Size (H.W.D.) 74 x 400 x 195mm. 

Kit enclosed: case. PCB, all components, scale 

and knobs £36.80 +£3.50 pp. 

(Featured project in Everyday Electronics, April 

1989 issue). Reprint Free with kit 


MAIL ORDER 
£1 BARGAIN PACKS 
BUY 20 GET 1 FREE 


Please state pack(s) required 


Nu Qty. per pack 

BPO|SB 30W dome tweeter. Size 90x66mil JAPAN made 

BPOI? 3 330004F 16V d.c. electrolytic high quality com 
puter grade UK made 

20 ceramic trimmers 

Tuning capacitors. 2 gang dielectric a.m. type 

3 position. 8 tag slide switch 3 amp rated 125V 
a.c. made in USA 

Push-button switches. push on push off. 2 pole 
changeover. PC mount JAPAN made 

2 pole 2 way rotary switch 

2 Right angle. PCB mounting rotary switch. 4 
pole. 3 way rotary switch UK made by LOR 
LIN 

3 pole. 3 way miniature rotary switch with one 
extra position off (open frame YAXLEY type) 

4 pole, 2 way rotary switch UK made by LORLIN 

Mixed control knobs 

Stereo rotary potentiometers 

10k wire wound double precision poten 
tiometers UK made 

UHF varicap tuner heads, unboxed and untested 
UK made by PHILIPS 

FM stereo decoder modules with diagram UK 
made by PHILIPS 

6"x^' High grade Ferrite rod. UK made 

AM IF modules with diagram PHILIPS UK 
MADE 

AM-FM tuner head modules UK made by Mul- 
lard 

Hi-Fi stereo pre-amp module inputs for CD. 
tuner, tape. magnetic cartridge with diagram 
UK made by MULLARD 

All metal co- axial aerial plugs 

Fuse holders. pane! mounting 20mm type 

5 pin din, 180° chassis socket 

Doubie phono sockets. Paxolin mounted 

2.8m lenghts of 3 core 5 amp mains flex 

Large VU meters JAPAN mace 

4V miniature bulbs, wire ended, new untested 

Sonotone stereo crystal cartridge with 7B and LP 
styll JAPAN made 

Mono Cassette Record and play heads 

606 Mains transformers. PCB mounting. Size 
42x33x35 

25V DC 150mA mains adaptor in black plastic 
Case with flying input and output leads new 
units made for famous sound mixer manufac 
turer. Size 80x55x47 

OC44 transistors. Remove paint yz- 
becomes a photo ig^ [< 


made by MULLARD 
BPOSI 30 Low signal transisiggs n aiu 
BPü$1 6 14 watt Ns mentary Be 
al replacement for ADI, 
29) 
Gent. aee ane 
dt Eros m 


BPOI9 
BPO20 
BPo?1 


BPU22 


BPo^1 
BPuo?^4 


BP02S 


BP0% 
BPu?7 
BP0?9 
BPO30 


BPo1? 
BPO? 


BPO33A 
BP034 


BP034A 
BPO34B 


BPDAS 
BPO36 
BPO3x 
BPo39 
BPO41 
BPO42 
BPO43 
BPt44 


d'id DIS 
c 


BPUASA 
BPO46A 


TP 


BPISTA 


BPt49 10 


BPUS3 W A TED) 
BPOS4 ICs. as = wi 
T and record dca mc det 
Digia ms m 
ant. rom 
BPIS6 7 play (red) 


BP057 Brie eledtihiBrs. 1 amp. 24V 

BPOSx Assorted carbon resistors 

BPO59 Power supply PCB with 30V 4V/A transtormer 
MC7B18CT IC & bridge rectifier Size 4 
2% 

6 35mm Mono jack plugs 

6.35mm stereo switched jack sockets 

Coax chassis mount sockets 

3mtr Euro-mains lead with Chassis socket 


Postage £3 per order 


28.0.28V4 AMP MAINS 


TRANSFORMER 
With a 5.5V at 0.5A mains input 110-240 Size 90 x 105 x 
75 fitted with copper screening band; made for famous HiFi 
Co. £6.50 each. Postage £2.80. It's weight Is 2.7Kgl Brand 
new and unused condition 


BPUS5 


BPU6| 
BPo63 
BPO064 
BPO065 


2 for £14 Post PAID 
KOSS STEREO HEADPHONES 


High quatity lightweight stereo headphones fitted 3.5mm 
jack with adaptor to 6.4mm jack, Ideal use HiFi or personal 
stereos. Made to sell for nine pounds. Our price for this unit 
£4.25 postage 60p 

Hi-Fi stereo cassette deck traniiport mechanism, complete 
with 3 digit rev counter and tape heads 12V d.c. operation 
Unused manufacturers surplus JAPAN made. 


£6.20 + 2.50 P&P 2 for £10.00 +3.50 P&P 


BSR STEREO RECORD PLAYER DECK 


Manual auto operation. 3 speed (78. 45, 33's). 240V opera- 
tion. Unused but store soiled. 
£10.50 ea +£3.75 P&P 


RADIO AND TV COMPONENTS ACTON LTD 
323 EDGWARE ROAD LONDON W2 


MS POSTA 


2 for £18.00 + £375 P&P 


81 992 8430 


Phone 071 723 8432 or 


oad. London W2. Cie 


COFFE 


AMPHONIC 125+ 125 POWER AMPLIFIER 


125 watt per channel stereo power amplifier with Inde- 

pendent volume controls, professional 19” rack mount and 
silentrunning cooling fan for extra reliability 

Output power 125W RMS max, per channel 

Output impedance 410 16 ohms 

(max power into 4 ohms) 

450V at 22K ohms 

„Electronic short-circuit and fuses 

220-240V a.c. 50Hz 

.435 x 125 x 280mm 


£142 +£7.00 pp 


SPECIAL OFFE 


DTMF TONE DIALLER 


Suitable for remote control 
of telephone answering 
machines, videos, appliances 


EX etc. requiring DTMF 


signals over 
telephone lines. 
Please add 75p p&p when ordering 
VIDEO SENDER 
With this handy unit you can transmit the out- 
put of your home video, video camera or satel- 
lite equipment over-the-air to a receiving televi 
sion within a range of 100ft. Simply connect the 
video and audio output of your equipment into 
this unit and a 10-13.8V dc power supply extra 
£3.25 size 122 x 70 x 21mm 
SALE OFFER £11.50 SAP 


VHF RADIO ee 


100mW mini bug. Built on e re glass 
ver the 
£0.90 pp 


pcb with DEA iu 
FM band. ms Mul 

EN gas with e glass 

2x9 diagram: y for you to 

* £0.70 pp 

RAF apesar] over the 

es doub Cys, pcb dia- 

ing heat sink. 


e 
aO £67 +£1 pp 
ge are not licensable 


Sensitivity 
Protection. 
Power 
Chassis dim. 


25 p qr 
FM q s xl 
compo 


y va M 12- 18 


Transmit 
«in Duen 
„2 — á 


HIFI WOOFERS 


10" round 100 watt Goodmans Hifi woofer 2° coil, paper 
cone, foam rubber surround 4%" magnet, frame size 1074" 
imp 82 £17.50 + £2.80 pp 
8 round 100 watt Audax Hifi woofer, 1° coil with 
fitted phaseplug, Hiteck TPX polimar cone with rubber 
surround 4%” magnet, die cast chassis, size 94" BO 
imp £34.90+€4pp 
8" square 80 watt Audax Hifi woofer, 144“ coil, 
Polypropylene cone. rubber surround, 3%” magnet, 
chassis size 8%” square 82 imp £19.70 + £2.50 pp 
8" round 70 watt Peerless Hifi woofer 1“ coil. treated 
paper cone, foam rubber surround, 3%” magnet, 88 imp 

£12.50 + £2.50 pp 
5% ° 35 watt Goodmans Hifi woofer, 1“ coil, treated 
Paper cone, rubber surround, 34“ magnet, 82 
imp £7.20 + £2.50 pp 
4%” square 35 watt Audax Hifi wooler, tin coil paper 
cone, rolled surround, 2% magnet, 8Qimp £7.50 + £2.50 
pp 


HIFI TWEETER AND MID RANGE 
4%” square 100 watt Goodmans sealed back mid 
range. 1° coil, treated paper cone, 2^" magnet, 8Q 
imp £5.50+ £2. 50 pp 
4" square 75 watt Audax sealed back mid range * * coil 
treated paper cone, Ferofiuld cooled coil, chassis size 37s" 


89 imp 
£7.95. £1 pp 
130 watt Peertess 1" metal dome Hifi 
coil. 2%" magnet, rec. crossover freq 
3KHz £15.90 + £1.60 pp 
44 x 24" 75 watt ^ direct drive dome tweeter, Ferrofluid 
cooled ?4" voice coil rec crossover, freq 4.5KHz as above 
but with 3°s" face plate 


4 round 
tweeter, 1 


£6.90 + £1.30 pp 
10% x 4% 120W Jamo horn tweeter 82 Imp crossover freq 
7KHz £9.95+£2 pp 


MOTOROLA PIZO CERAMIC TWEETERS 


Convert electrical energy Into sound without the use of 
volce coils and magnet assemblies. No moving mass 
hence excellent transient response and low distortion with 
high efficiency levels as they cannot reproduce bass 
sounds. No crossovers are required 

3%" square, 50 watt Pizo super horn tweeter 


SALE OFFER £3.95 +75 pp 
3%” raund, 50 watt Pizo horn tweeter 
£5.75 +75pp 


2" x 6” wide dispersion 400 watt Pizo horn tweeter 


£11.95 +£1pp 
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CRICTHLEWOGGE 
ELECTRONICS 


NOTHING STOPS FOR CRICKLEWOOD a 
@ ONE OF THE LARGEST RANGES OF COMPONENTS IN THE UK 
@ FAST AND EFFICIENT SAME DAY PERSONAL SERVICE 
@ VERY COMPETITIVE PRICES, QUANTITY DISCOUNTS AVAILABLE 
€ NO MINIMUM ORDER 

Over 13,000 different components trom all over the world 


19” RACK CASES 


* Suitable for instruments, high quality 
amplifiers and many other applications that 
demand strength and professional finish 

* New Improved construction and finish 

* Black anodised aluminium front panels 

* Separate front mounting plate, no fixing 
screws visible of the front and the side of the 
enclosure * Heavy gauge front panel is of 
brushed aluminium finish enhanced with two 
professional handles + With ventilation slits 
and plastic feet ** Rear box manufactured 
from 1. 1mm steel finished in black. Rack mounting or free standing 
Comes In quick assembly flat package. 


- 
t 
yA 


Order Code Panel Size Rear Box Welght Price 
WH (inch) W H D £ 
U112 19x1.75 17x15x 12 2.5kg 24.95 
U212 19x 3.5 17 x 3.0 x 12 3.3kg 29.75 
U312 19 x 5.25 17x50x 12 4.0kg 31.95 
U412 19x 7.0 17x6.5x 12 4.6kg 34.95 


Please add £3.00 P&P for the first item and £1.50 for each additional Item 
Please add VAT to above prices Overseas orders welcome 


CRICKLEWOOD ELECTRONICS LTD 


40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET 
TEL: 081-450 0995/452 0161 


EN FAX: 081-208 1441 


NEW FROM HIGH-Q 
(VELLEMAN KITS 


Added To Our Range 


NOW “130” KITS AVAILABLE 
For all Electronic Enthusiasts 


Sole UK Importers eTrade Enquiries contact below 


NEW KITS INCLUDE: warmer 


TELEX 914977 "VISA 
ELTA 


CAR ACCESSORIES COUNTERS 
CAR ALARM DIMMERS 
eeues — "OUSEHOLD APPLICATIONS 
POWER SU SENSORS 
AUD DIGITAL CONT 
TIMERS ROLLED PRE-AMPLIFIER 
COMMUNICATIONS 


ALARMS 


1-CHANNEL INFRA-RED RECEIVER 


LIGHT-EFFECTS INS Qon ge INTERFACE 
GADGETS ING DEVICES 


15-CHANNEL INFRA-RED TRANSMITTER 


| For 1991 Catalogue & Price List, please sent 75p (UK) 
| or £2.00 (Overseas) to: 


HIGH-Q-ELECTRONICS 
Sra 


VISA P.O. BOX 142, Hatfield, Herts AL9 7JH 
Game Tel: 0707 263562 Fax: 0707 276746 
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ether your requir: S Ilance equipm 

Is amateur, professional or you are just fascinated by 
this unique area of electronics SUMA DESIGNS has 
a kit to fit the bill. We have been designing electronic 
surveillance equipment for over 12 years and you can 
be sure that all of our kits are very well tried, tested 
and proven and come complete with full instructions. 
circuit diagrams, assembly details and al! hlgh quality 
components including fibreglass PCB. Unless other 

wise stated all transmitters are tuneable and can be 
received on an ordinary VHF FM radio 


UTX Ultra-miniature room transmitter. Smallest room transmitter kit in 
theworld! Incredible 10mm x 20mm including mic. 3-12V operation. 500m 
range. £16.45 


MTX Micro-miniature room transmitter. Best selling micro-miniature 
room transmitter. Just 17mm x 17mm including mic. 3-12V operation. 1000m 
range £13.45 


STX High-performance room transmitter. High performance transmitter 
with a buffered output stage for greater stabillty and range Measures 22mm x 
22mm including mic. 6-12V operation. 1500m range £15.45 


VT500 High-power room transmitter. Powerful 250mW output providing 
excellent range and performance. Size 20mm x 40mm. 9-12V operation. Range 
3000m £16.45 


VXT Voice activated room transmitter. Triggers only when sounds are 
detected. Very low standby current, variable sensitivity and delay with Le.d 
indicator. Size 20mm x 67mm, 9V operation. 1000m range £19.45 


QTX180 Crystal controlled room transmitter. Narrow band FM transmit- 
ter for the ultimate in privacy. Operates on 180MHz and requires the use of a 
scanner receiver or our ORX180 kit (see catalogue). Size 20mm x 67mm, 9V 
operation, 1000m range £40.95 


SCRX Subcarrier scrambled room transmitter. Scrambled output from 
this transmitter cannot be monitored without the SCDM decoder connected to 
receiver. Size 20mm x 67mm. 9V operation, 1000m range £22.95 


SCDM Subcarrier decoder unit for SCRX. Connects to receiver earphone 
socket and provides decoded audio output to headphones. Size 32mm x 70mm, 
9-12V operation £22.95 


HVX400 Mains powered room transmitter. Connects directly to 240V a.c. 
supply for long term monitoring. Size 30mm x 35mm. 500m range £19.45 


ATR2 Micro size telephone recording interface. Connects between tele- 
phone line (anywhere) and cassette recorder. Switches tape automatically as 
phone is used. All conversations recorded. Size 16mm x 32mm. Powered from 
line £13.45 


UTLX Ultra-miniature telephone transmitter. Smallest telephone trans- 
mitter kit available. Incredible size of 10mm x 20mm. Connects to line (any- 
where) and switches on and off with phone use. All conversations transmltted. 
Powered from line, 500m range .£15.95 
TLX700 Micró-miniature telephone transmitter. Best selling telephone 
transmitter. Being 20mm x 20mm it is easier to assemble than UTLX. Connects 
to line (anywhere) and switches on and off with phone use. All conversations 
transmitted. Powered from line, 1000m range £13.45 


STLX High-performance telephone transmitter. High power telephone 
transmitter with buffered output stage providing excellent stability and perfor 

mance. Connects to line (anywhere) and switches automatically with phone 
use. All conversations transmitted. Powered from line. Size 22mm x 22m 
1500mrange .£16.45 


TKX900 Signalling/tracking transmitter. Transmits a continuous stream of 
audio pulses with variable tone and rate. Ideal for signalling or tracking pur 

poses. High power output gives range up to 3000m. Size 25mm x 63mm, 9V 
Operation £22.95 
CD600 Professional bug detector/locator. Multicolour bargraph readout 
of signal strength with variable rate bleeper and variable sensitivity used 10 
detect and locate hidden transmitters. Switch to AUDIO CONFIRM mode to 
distinguish between localised bug transmission and normal legitimate signals 
such as pagers. cellular, taxis etc. Size 70mm x 100mm, 9V operation... £50.95, 


* x * SPECIAL à x x 


DLTX/LRX Radio control switch.Remote control anything around your 
home or garden, outside lights. alarms. paging systems etc. System consists of a 
small VHF transmitter with digital encoder and receiver unit with decoder and 
relay output, momentary or alternate. Bway d.i.l. switches on both boards set 
your unique security code. TX size 45mm x 45mm, RX size 35mm x 90mm, Both 
9V operation. Range up to 200m Complete system (2 kits) £50.95 
Individual transmitter DLTX £19.95 
Individual receiver DLRX £37.95 


A build-up service Is available on all of our kits if required 

UK customers please send cheques. PO's or registered cash. Please add £1.50 
per order for P&P. Goods despatched ASAP allowing for cheque clearance. 
Overseas customers send sterling bank draft and add £5.00 per order tor ship- 
ment. Credit card orders welcome on 0827 714476 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST CLASS 
STAMPS OR OVERSEAS SEND TWO IRC's. 


SUMA DESIGNS 
THE WORKSHOPS 


0827 
714476 


95 MAIN ROAD 
BAXTERLEY, Nr ATHERSTONE 
WARWICKSHIRE CV9 2LE 
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SUPER SUMMER SALE! 


Yes, our Super Summer Sale is still on - if you didn't get our 16 page SALE SUPPLE- 
MENT in last month's EVERYDAY ELECTRONICS, send a 27p A4 SAE for your copy now!! 
Look at this page for some of the Bargains - but order soon as stock is moving fast 
and is unrepeatable at these prices! Minimum order value £12; P&P £3 per order. 


BATTERIES 


ALL x 
SA. van = [37778] 


OPT 


LCD DISPLAYS | at 20 Er = bon ez seated t ead ACO 6Ah sealed 
24115 8 digit 12.7mm high LCD and lead acid batery These have been 
holder. These are 14 segment regularly trickle charged whilst In store, 


devices allowing alphanumeric dispiay. SALE PRICE E12 Si dO E28 00 


Normally costing over £15.00 we are 
offering these for just ..... £450| A £34.95 NPIG ‘ov Din ize ^i So 398 di 


SALE PRICE £2.00| AUTORANGING «3% digitsmmico display + Fully autoranging | List 
24148 LCD as 24115 but 6 digit, 50 pins. | MULTIMETER * Diode and continuity test + Display hold facility SALE PRICE £8.00 10+ 6.00 
Trade price £10.86 £3.00 | (1991 Catalogue) * Protective carrying case * Probe styling Nicads 

SALE PRICE £1.50 * Automatic polarity and zero 24150 Ex mobile radio battery. 


LESS THAN Order Code DM1360] 56x63x33mm case (sometimes 
21732 Epson LCD 4 digit 8mm high £2.00] * PRICE !! AC volts 0-2-20-200-500 Vac +2.3%] damaged) contains. Bx AA size 
DC volts 0-200m-2-20-200-500 Vdc +1.3%§ rechargeable Nicads. These Can be 


SALE PRICE £1.00 une FOR Resistance ... 0-200-2k-20k-2M-20MQ + 2%] removed by breaking the case open. 
21637 LCD Display - Direct drive 3% digit] JUST Dims s s. 133x 29x 17mm Each cell rate 1.25V 600mA. £3.00 
PRICE £2.50 


with 'LO-BATT' 12.7mm high digits. OP SALE 
LC ROBE/ PULSE 24149 As above but 84:66: 33mm 
There are again 8 cells but they are 


voltage 4-12 RMS. 32Hz type. Consumes 
Top quality slim (18mm dia) precision instrument for troubleshooting and analysis longer than AA size, being 73mm long. 


only 254A with all segments on. Trade 
price £7.97 each. Supplied with data but | of logic circults. It works as a level detector, pulse detector and pulse stretcher, It each cell rated 1.25V 900MA. £4.50 
no edge connector. Is circultpowered, has LED indicators and comes with additional SALE PRICE £3.00 
Prices .... £2.00 10+ 1.52 25+ 1.30100- 0.85 | probe lead and clip, and instruction sheet. An 21952 AA Nicads - 2 sleeved end to end. 


excellent addition to your Test Gear at an 
SALE PRICE 7 5P | unrepeatable price. we have purchased ed enm t L par 400+ 0.75 


10 +0.50 100 + O.40O| aliavaliabie suppiles and can offer SALE PRICE £7.00 


this superb instrument for 
22119 LCD 4 digit 12.5mm high with low around half the normai | AAA Nicads by Sanyo 
SUPERDEAL PRICE!! These superb quality 


batt and clock symbol. Complete with | seiling cost. 
edge Connector. Can you belleve the £1 0. 00 batteries are rated 1.2V 200mAh, and 
may be charged at 20mA or 

ONLY quick-charged at 60mA. Normally 

Costing around £1.50 each, we can offer 


price?! 
2540.60 100+0.45 1k+ 0.35 co MI PO NENT PAC KS these at the SUPERDEAL prices below. 
e 


SALE PRICE £1.00 

25096 16 character«1 line. very 

K547 zener Diodes. Glass and plastic, | K530 100 Assorted Polyester Caps. All 

similar to our 21814 but slightly larger | 250m ime g from 3V t5 480V. | new modern components radial and Sele I oe oo 
a 


character 6.3x3.15 (8x5 dots). Type wl ready | ident le, e with list supplied, ana leads. on - .01 to urg at PLIÉ 
LCDM16166 by Refac. Supplied with | ace... ;30 | voltages from 63 to 1 
data. On board Hitachi HD44780A00| S Sorted ii Polyetvrene E m d Train controller and Switching U 

d . This ready built versatile piece of 
SALE PRICE . £8.00|. T Pee ost 21a: 295 | pol equipment allows: 

20: BF198 259, Soa, 2N3900 ate ete ye AL e" Oo * Full forward and reverse control of 
LED DISPLAYS Retall cost 87,00 t2. SALE P trains using regulated and smoothed 
. E Pi | K540 Resistor Pack. Mostly *s, ⁄4 and Supply (1.5A)» 

@ 0.5 (7.62mm) display helght;| SAL RICE È 11. 5 O | Ww, aiso some 1 and 2w In carbon fitr, | UD SA) dito ve soiaerea ie 
luminous Intensity O.&mCd « 10mA — |K575 AS. Power pack. šia oxide etc. All have full length Ieads | + kelay control of & separate circuits 
Code 7/+1 DP CC/CA1+ 25+ 100+ | pae Pis R bp Be] Tolerances from 2 t © 20%. sexcellent (10A change over contacts; ideal for 


range of values à £2.50] points operation) 
21957 7569 LH CA 31p 020 0.16) ee age fantastic value. Lots of SALE PRICE £T SOL lary equipment - 2 
21938 7seg RH CA 31p 020 016) sAL E BR ICE E 58 K523 Resistor Pack. 1000 - yes, 1000] separate 5V 1A outputs. 
21939 7seg RH CC 31p 020 0.16) E mainly ';w 5 & 1096 carbon/ carbon flim] A mains powered panel 185 x 105mm 
21940 +1 LH CA 20p 013 0.10) Kaze, Mixed pack Of T0220 and 4 pin | resistors with preformed leads for PCB| contains ali electronics. All voltages 
"E p .10] power — 5 witn data and pinouts f 

o ude: “Peal ALSS. p range- or pro esed] are fully stabilized and both Input and 
SALE PRICES 50% OFF | IREZ 7401720/828. IRF95 a Ro : 7. ; Output are fused. 
(b) 0.5" (1288mm) display helght;| SUD et Pack PE %| SALE PRICE Back - ^ Connections, both input and output are 
luminous Intensity 0.8mCd « 10mA SALE PRICE E SO cat close Oean Kx ki HE LAGE us ai are clipped 


K537 IC Pack - a mix of linear and logic 
Code 7/+1 DP CC/CA1« 25+ 100+ chips, from 6 to 40 pin. A are new pie extreme! ja selection of values The Eden cd NE E 
m 


21941 7seg RH CA 35p 023 018 marked but some may not be full PRES. 91% to AE 
30mA, supplied by the on board power 


21982 7seg RH CC 35p 023 0.18) ORs epee LA 60) < ce BRICK 2 23 bap 


21945 «1 RH CA 23p 0.15 0.12] 544 Mullard Pol ester Caps. Cosmetic Supplied uncased with circult and wiring 
21944 +1 RH CC 235p 0.15 0.12] imperfections, ele ectricaiiy Ok.“ wide | K372 Keto RAO. oo eL and] diagram. (SAE for free copy.) 


21945 Dual nge of values from 0.01 to 0.474F in popular values like 1k, 4k Sultable black ABS plastic case £3.50 
7seg RH CA 58p 038 0.30 ore LE Plc ice E “a3 2 good sprinkling of many other values, À Order Code 97 £19.95 
21946 Dual K804 LEP A superb juallty SALE EPRICE "Es So 
7seg RH CC 58p 0.38 0.30 ds conta d K520 Switch Pack. 20 different 
SALE PRICES 5044 OFF assorted switches - rocker, slide, push. | AA12551 Partially enclosed in steel case 


Piflan E rotary, toggle, micro etc! — Am 160x104 x45mm. 115/ 230V 50/ 60Hz 
0.8in (20.32 mmi Display Height wedge, OV la qe ere in are mar ages tom value]: oos re co | NE Output +5Via 6A; + 12Vu 0.15A, 
(ei 0.8“ (20.32mm) display height; SALEP current. CE9 64.00 SALE ICE £1.50| SALE PRICE £6.95 
luminous intensity 0.8mCd .. 10mA RICE. “ES GO|K715 DP Switch Pack Tremendous Kit to convert to + 12V« 2.5A, + 5Vu 2A. 
Code 7/+1 DP CC/CAT+ 25+ 100+ K212 estat. wartaty oF Wéguan d SALE PRICE £3. 
21947 7seg RH CA  47p 030 0.24 from a few hundred kilohertz to many | f BM41012 Totally enclosed steel cased 
ahertz and the odd Crystal oscillator AS m tir o „501 unit 175x136x65mm with switched 
21948 7seg RH CC  47p 030 0.24 
a c ule EE ... 20 for £4.95 | SALE P. and fused IEC mains inlet. 115/230V 
21949 7seg LH CA  47p 030 0.24 pyle PRICE EA. OO} K802 Pack of DIN41612 connectors.| 50/ 60Hz input. Outputs: + 5Vu 3.75A; 
21950 7seg LH CC 47p 0.30 0.24 io. LIN one's an absolute gem! Ir ular 4 sg es i + 12V Jibi 65 jue at £12 95 
n | lon of ntion, n / wa fe) ugs and Sockets, 
SALE PRICES 50% OFF switch mode power supplies "Including some with“ pins missing Normaliy] “credible — at de PSU 
AA12531 1P rsi eng tis d eachback OF 25... EB 00] 22571" PCB Soxsomm wil accept e dy 
P reolad on nal el tor Edos ALE es. oo à 3 
SALE PRI du: 215.00 ai Aki MR selection of] but and give a stable 5v dc at up to 2A 
22089 5mm Red 15/£1 100+ £3.68 K539 LE Pack. "Not only 5- but |15, 20, 25 and 32mm fuses both output. The 6 transistor circuit provides 
22092 5mmGreen  14/£1 100+ £4.37 many shaped LEDs in this pack in| cartridge and wire ended In quickblow current overload protection, thermal 


red. yellow, green, orange and clear | and antisurge, varietie cut-out and excellent flitering, £5.00 
22093 5mm Yellow 14/€1 100+ £4.37 y 9 E 9 SALE PRICE £3.00 


F ; E ring fr EAE SAI 1 o 53 
SATE bie [ ej es 95 |€ SA LE PRICE ens 28887 Made by STC, this 160 x 100mm 


panel Is attached to an aluminium 
chassis. — 165x102x 65mm and has a 


price ; qua p 
not Include. P&P £5. 00 per order. Min Credit 


singie 5V 6A output. piled with 

The easy to use no-soldering wiring a Education welcome ars Sates connection detalls, we can offer these at 
tool which makes construction of small 50 eo a A da 

P vment accepted by cheque, postal order, À e a; e np 

| mm a Cree eun eau Rosales | SALE PRICE £4.95 100 + 5°00 

Eos a Ce itera: OS (Pane ELECTRONIC book tokens, Access, Visa, Connect. 28888 A larger version of the 

Utility tool, Punched wiring board, Self — COMPONENTS Our stores have enormous stocks off above, PCB 220x 100mm and chassis 

adhesive sheet, Spring loaded terminals Oe components and our trade counter is open} 225 x 102 x 65mm egis a single 5V 

and jacks, Spare spool of wire, Excellent from 9-5.30 Mon-Sat. Come and see us! 10A output. Supplied with connection 

instruction book. Catalogue price £15.00 Tel: (0703) 236363 Fax: (0703) 236307 | details. Only £8.95 


SALE PRICE  £5.00|27D PARK ROAD, SOUTHAMPTON, SO1 3TB| SALE PRICE £9.95 100 2 80 
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MAILORDER AND SHOP 

EE109 

num 135 Hunter Street 
WENN Burton-on-Trent 
Staffs, DE14 2ST 
Tel: 0283 65435 
Fax: 0283 46932 


All prices include VAT at 1714 
Shop open 9-5 Mon-Fri; Add £2 
9-2 Saturday p&pto 
Official orders welcome 


Supplying Electronics 
for Education, 
Robotics, Music, 
Computing and much, 
much more! 
1991 CATALOGUE 


AVAILABLE PRICE 
£1.00 INC. P&P 


[ HAMEG HM 203-7 OSCILLOSCOPE 


New model just arrived, High quality reliable instrument 

made in W. Germany. Outstanding performance 

Full two year parts and labour warranty. 

20MHz-2 channets 1mV sensitivity £338 

Easy to operate and high pertormance £59.45 VAT 
Next Oay Detivery £10.00 

{cheques must be cleared) 


all orders 


"T PORTABLE U "RASONIC PEST SCARER | 


EE AUG '91 

A powerful 23kHz Ultrasonic generator 
in a compact hand-held case. A 
MOSFET output drives a weatherproof 
transducer at up to 300V peak to peak via 
a special tuned transformer. Sweeping 
frequency output requires no setting up 


or alignment. Kit includes all 
components, PCB, transducer and case. 


KITREF842  KITPRICE £22.56 


[ D.C. MOTOR GEARBOXES | 


"EDUCATIONAL BOOKS & 
| BOOK PROJECTS 


ADVENTURES WITH ELECTRONICS 


The classic Easy to Follow book suitable for all ages. Ideal 
for beginners. No soldering, uses an S-DEC breadboard. 
Gives clear instructions with lots of pictures. 16 projects — 
including three radios, siren, metronome, organ, intercom, 
timer, etc. Helps you learn about electronic components 
and how circuits work. Component pack includes an S-DEC 
breadboard and all the components for the series. 


ADVENTURES WITH ELECTRONICS £5.75 
COMPONENT PACK (less book) £22.83 


[ STEPPING MOTORS iq 


A range of top quality stepping motors suitable 
for driving a wide range of mechanisms under 
computer control using simple interfacing 
techniques. 


FUN WITH ELECTRONICS 


From the USBORNE Pocket Scientist series — An enjoyable 
introduction to electronics. Full of very clear full colour 


Ideal for Robots and Buggies. A miniature plastic 


reduction gearbox coupled with a 1.5-4-5 Volt ID36 PERMANENT MAGNET MOTOR ee dl o 
mini motor. Variable gearbox reduction ratios 48 steps per rev £16.86 pc AP tact Cs pag Vs E EV 
are obtained by fitting from 1106 gearwheels MD200 HYBRID MOTOR- 0 — fault finding — possas dee (identification & how “ty 
(supplied). Two types available: 200 steps per rev £17.1 work). Also full details of how to build 6 projects — burglar 


SMALL UNIT TYPE MGS £4.08 
Speed range 3-2200 rpm. Size 37x43x25mm 48 steps per rev 


LARGE UNIT TYPE MGL £4.65 MD38 PERMANENT MAGNET MOTO 
Speed range 2-1150 rpm. Size 57x43x29mm 48 steps per rev 


alarm, radio, game, etc. Requires soldering — 4 pages 
clearly show you how 

The components supplied in our pack allows all the projects 
to be built and kept. The book is available separately. 


FUN WITH ELECTRONICS Book £2.95 
COMPONENT PACK (less book) £17.93 


MD35 % PERMANENT MAGNET MOIS og 


$9.15 


q 
| EVERYDAY ELECTRONICS KIT PROJECTS M 


ALL KITS HERE HAVE BEEN FEATURED IN EE AND ARE SUPPLIED WITH MAGAZINE ARTICLE REPRINTS. 
SEPARATE REPRINTS ALSO AVAILABLE PRICE 80p EACH INCLUSIVE P&P. KITS INCLUDE CASES, PCB's 
HARDWARE AND ALL COMPONENTS (UNLESS STATED OTHERWISE) CASES ARE NOT DRILLED OR LABELS 
SUPPLIED UNLESS STATED 


Ref Price Ref Price 

842. PORTABLE ULTRASONIC PEsT SCARER 581 VIDEO GUARD Feb 87 £9.59 
Aug 91 ££22.56 — 569 CARALARM Dec 86 £14.24 

841 DIGITAL LCD THERMOSTAT May 91 563 200MHz DIG. FREQUENCY METER Nov86 — £71.47 


with punched and printed case £29.95 
Al 
DIGITAL COMBINATION LOCK Mar 91 561 LIGHT RIDER LAPEL BADGE Oct 86 £11.65 


| 30 SOLDERLESS BREADBOARD PROJECTS 


Abook of projects by R. A. Penfold covering a wide range of 
interests. All projects are built on a Verobloc breadboard. 
Full layout drawings and component identification 1 
diagrams enable the projects to be built by beginners. Each 
circuit can be dismantled and rebuilt several times using the 
same components. The component pack allows all projects 
in the book to be built one at a time 

Projects covered include amplifiers, light actuated switches, 
timers, metronome, touch switch, sound activated switch, 
moisture detector, M.W. Radio, Fuzz unit. etc. 


with drilled oase £19.85 560 LIGHT RIDER DISCO VERSION Oct 86 £22.41 
839 ANALOGIC TEST PROBE Jan 91 £1323 559 LIGHT RIDER 16 LED VERSION Oct 86 £15.58 30 SOLDERLESS BREADBOARD 
RA-RED BEAM ALARM Sep 86 £32.39 PROJECTS Book 1 £2.95 
838 MICROCONTROLLER LIGHT SEQUENCER 556 INFRA-RE ep8 : COMPONENT PACK £27 74 
Dec 90. With drilled and labelled case £57.17 544 TILT ALARM July 86 £8.94 
835 SUPERHET BROADCAST RECEIVER Mar 90 542 PERSONAL RADIO June 86 £13.17 


With drilled panels and dial £17.16 528 PAAMPLIFIER May 86 £30.60 
834 QUICK CAP TESTER Feb 90 £10.39 523 STEREO REVERB Apr 86 £30.21 


833 EE 4 CHANNEL LIGHT CHASER Jan 90 £32.13 513 BBC MIDI INTERFACE Mar 86 £31.93 
815 EE TREASURE HUNTER Aug 89 Full Kit £45.95 512 MAINS TESTER & FUSE FINDER Mar 86 £10.07 
814 BAT DETECTOR June 89 £21.44 497 MUSICAL DOOR BELL Jan 86 £21.41 


812 ULTRASONIC PET SCARER May 89 £14.81 — 493 DIGITAL CAPACITANCE METER Dec 85 £49.95 
800 SPECTRUM EPROM PROGRAMMER Dec 88 £30.60 — 481 SOLDERING IRON CONTROLLER Oct 85 £6.25 


796 SEASHELL SYNTHESISER Nov 88 £28.55 464 STEPPER MOTOR INTERFACE FOR THE BBC 
790 EPROM ERASER Oct 88 £28.51 COMPUTER less case Aug 85 £9.60 


ENJOYING ELECTRONICS 


A more advanced book which introduces some arithmetic 
and calculations to electronic circuits. 48 chapters covering 
elements of electronics such as current, transistor switches, 
flip-flops, oscillators, charge, pulses, etc. An excellent 
follow-up to Teach-in or any other of our series. Extremely 
well explained by Owen Bishop who has written many 
excellent beginners’ articles in numerous electronics 


1035 STEPPER MOTOR EXTRA £9.15 magazines. 
Ara ika oia es ANAP PARIS E. ENJOYING ELECTRONICS Book £3.60 
> B 461 CONTINUITY TESTER July 85 £7.08 1 14. 
COMPONENT PACK £14.62 

744 VIDEO CONTROLLER Oct 87 £33.29 
740 ACOUSTIC PROBE Nov 87 £20.01 455 ELECTRONIC DOORBELL June 85 £8.63 

ž ; 444 INSULATION TESTER Apr 85 £22.37 Note — A simple multlmeter is needed to fully follow this 
Pa, ig cd £23.94 392 BBC MICRO AUDIO STORAGE SCOPE book. The M162 BZ is ideal. £13.98 
734 AUTOMATIC PORCH LIGHT Oct 87 €19.62 INTERFACE Nov 84 £40.82 
330 BURST-FIRE MAINS CONTROLLER Sep87 £15.50 — 387 MAINS CABLE DETECTOR Oct 84 £6.31 A FIRST ELECTRONICS COURSE 
ja - fl^ aane itin £16.34 — 386 DRILL SPEED CONTROLLER Oct 84 S A copiously Illustrated book that explains the principles of 
WE, e U PERSOUND qp ACTOR Ut ros 362 VARICAP AM RADIO May 84 EI electronics by relating them to everyday dita. At the end 
ne nore £13.88 337 BIOLOGICAL AMPLIFIER Jan 84 £27.59 of each chapter a set of questions and word puzzles allow 
719 BUCCANEERLB.METALDETECTOR July87 £30.22 263 BUZZOFFMar83 £6.49 progress to be checked in an entertaining way. An S-DEC 
718. 3-BAND 1.6-30MHz RADIO Aug 87 £30.30 — 242 INTERCOM no case July 82 £6.50 breadboard is used for this series- soldering is not required 
715 MINI DISCO LIGHTS June 87 £14.39 240 EGG TIMER June 82 £7.85 
707 EQUALIZER (IONISER) May 87 £17.75 108 IN SITU TRANSISTOR TESTER June 78 £10.76 A FIRST ELECTRONIC COURSE BOOK £4.99 
700 ACTIVE I/R BURGLAR ALARM Mar 87 £40.74 106 WIERD SOUND EFFECTS GEN Mar 78 £8.94 PACK £22.83 
584 i SPEECH SYNTH (no case) £23.90 101 ELECTRONIC DICE Mar n £715 

el . 
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INSULATION 
TESTER 


EE APRIL 85 


Areliable electronic tester which checks 

insulation resistance of wiring appliances etc., at 
500 volts. The unit is battery powered simple and 
safe to operate. Leakage resistance of up to 100 
Megohms can be read easily. One of our own 
designs and extremely popular. 


KIT REF 444 


SHORT WAVE RADIO 
EE AUG 87 

Covers 1.6-30 MHz in 3 bands using modern 
miniature coils. Audio output is via a built-in 
loudspeaker. Advanced design gives excellent 
stability, sensitivity and selectivity. Simple to 


KIT REF 718 


DIGITAL FREQUENCY 
200 MHz METER 


EE NOV 86 

An 8 digit meter reading from AF up to 200 MHz 
in two ranges. Large 0.5" Red LED display. Ideai 
for AF and RF measurements. Amateur and C.B. 


frequencies. 


KIT REF 563 


EQUALISER 
EE MAY '87 

A mains powered loniser with an output of 
negative ions that give a refreshing feeling to the 
surrounding atmosphere. Negligible current 
consumption and all-insulated construction 
ensure that the unit is safe and economical in 


use, Easy to build. on a simple PCB G 


KIT REF 707 


LIGHT RIDERS 

EE OCT '86 

Three projects under one title — all simulations of 
the Knight Rider lights from the TV series. The 
three are a lapel badge using six LEDs, a larger 
LED unit with 16 LEDs and a mains version 
capable of driving six main lamps totalling ovet 
500 watts. 


KIT REF 559 CHASER LIGHT £15.58 
KIT REF 560 DISCO LIGHTS £22.41 
KIT REF 561 LAPEL BADGE £11.65 
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DIGITAL LCD 
THERMOSTAT 


EE MAY '91 

A versatile thermostat with LCD read out. MIN/MAX 
temperature recording, clock and individually settable 
upper and lower switching points. Covers -10 to 110 
degrees Celsius, accurate to within 0.1 degrees 
Submersible probe on 3 meter lead. Kit includes 
punched and printed case. Save on energy bills by 
Improved control of your hot water system. Also ideal for 
greenhouse soil temperature and aquarium control 
Complete kit includes thermostat and probe, mains 
power supply and relay output. PCB's and punched and 
printed case 
KIT REF 841 


PET 
SCARER 


EE MAY 89 
Produces high power ultrasound pulses. LE.D. 
flashes to indicate power output and level 

Battery powered (3V-12V or via Mains Adaptor) 


KIT REF 812 £14.81 


DIGITAL COMBINATION 
LOCK 


EE MAR ‘91 


Digital combination lock with a 12 key keypad. 4 digit 
code operates 250V-16A SPCO relay. A special 
anti-tamper Circuit aliows the relay to be mounted 
remotely from the keypad without any loss of security 
Can be operated in many modes (latching/unlatching, 
manual/automatic setting. continuous/ momentary 
output, etc.). Article describes operation as Vehicle 
Immobilising security system. Low current drain 


Kit includes dr il z case 
£19.86 


MOSFET 
VARIABLE k 
BENCH 25V 2.5A 

POWER SUPPLY 


EE FEB 88 
A superb design giving 0.25V and 0-2.5A. Twin 
panel meters indicate Voltage and Current 
Voltage is variable from zero to 25V. A Toroidal 
transformer MOSFET power output device, and 
Quad op-amp IC design give excellent 
performance. 


KIT REF 763 


KIT REF 840 


ACOUSTIC 
PROBE 


EE NOV '87 

A very popular project 
which picks up vibrations by 
means of a contact probe 
and passes them an to a pair 
of headphones or an 
amplifier. Sounds from engines, watches and 
speech travelling through walls can be amplified 
and heard clearly. Useful for mechanics, 
instrument engineers and nosey parkers! 


KIT REF 740 


4 CHANNEL 
LIGHT 
CHASER 


EE Jan '90 
A 1000W per channel chaser with zero volt 
switching, hard drive, inductive load capability, 
mic sound sensor and sophisticated 'beat 
detector. Chase steps to music or auto when 
quiet. Variable speed and mic. sens. LED mimic 
on front panel. Switchable for 3 or 4 channels. 
P552 output. Ideal for rope lights, pin spots. disco 
and display lighting 


KIT REF 833 


MICROCONTROLLER 
LIGHT SEQUENCER 


EE DEC ‘90 


A superb kit with pre-drilled painted and silk screen 
printed case for a really professional finish. This kit 
uses a microcontroller I.C. to generate 8-channel 
light sequences.. Sequences are selected by keypad 
trom over 100 stored in memory. Space for 10 user 
programmed sequences up to 16 steps long also 
available. 1000 watts per channel, zero volt 
switching, inductive load capability. Opto- isolated 


for total safety. Many other features 


EPROM 
ERASER 


EE OCT ‘88 

Safe low-cost unit capable of erasing up to four 
EPROM's simultaneously in less than twenty 
minutes. Operates from a 12V supply. Safety 
interlock, Convenient and simple to build and 
use. 


KIT REF 790 


Complete kit includes case, PCBs, 
all components and hardware 


KIT REF 838 


EE TREASURE 
HUNTER 


EE AUG ‘89 


SUPERHET BROADCAST 
RECEIVER 


EE MAR ‘90 

At last, an easy to build SUPERHET A.M. radio 
kit . Covers. Long and medium Wave bands. built 
in loudspeaker with 1 watt output. Excellent 
sensitivity and selectivity provided by ceramic I.F. 
filter. Simple alignment and tuning without 
special equipment. Kit available less case, or with 
pre-cut and drilled transparent plastic panels and 
dial for a striking see-through effect. 


KIT REF 835 


20cms deep. Low “ground 
effect”. Can be used with 
search-head underwater. 
Easy to use and build, kit 
includes search-head, handle, case, PCB and all 
parts as shown 

KIT REF 815 

Including headphones 


1991 


545 


E.E. TREASURE HUNTER 


P. I. METAL DETECTOR 


A highly developed and acclaimed Magenta design 
giving excellent performance and reliability. Quartz 
crystal controlled circuit with MOSFET coil drive and 
high slew-rate DC coupled amplification. Detects a 
10p coin at 20 cm and larger objects much deeper. Full 
kit includes ALL components, drilled and tinned PCB, 
search head, handle, case and all plastic parts . Some 
simple drilling is required. 


O Efficient CMOS design with O Powerful coil drive. 


low GREET, x on a | O Detects Ferrous and non- 
e Single winding search coil ferrous metal Gold, Silver, 
needs no sensitive adjustments. Copper etc. 

e Vo ‘ground effect’ - works @ 790mm diameter search coil 
normally with search head im- gives large area coverage. 


mersed in sea water. 


O Variable pitch audio output to 
lightweight headphones. 


e Simple operation using single 
one-touch control. 


DIGITAL CAPACITANCE METER 


A wonderfully easy to use 
instrument giving direct read-out 
of capacitors from 1pF to 
7000uF. Quick and accurate to use 
even by absolute beginners. 1% 
accuracy circuit using close 
tolerance charging resistors and 
quartz crystal timing. 

O Kit includes punched and printed 
case, PCB, and all components. 

O Large bright 5 Digit LED display. 

O Direct read-out in uF, pF, nF. 

e Calibration not required. 
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@ Kit includes headphones. 
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BRAINWAVES 


Every so often a new avenue of mind relaxation is explored in our pages. 
This subject by its very nature is interesting, to a certain extent experi- 
mental, and almost inevitably impossible to quantify in terms of usefulness 

everyone will probably react in a different way and will also have their 
own views on any benefit gained. 

The subject is a fascinating science in its own right and for many readers 
will be all the more interesting because they can build their own relatively 
inexpensive equipment to try out the phenomena. Our first “entrainment” 
article Brainwave gives an insight into what it is all about and the Brainwave 
project will allow you to see if the subject is of help to you. We will shortly 
follow up this design with a more complex unit from the same author. I am 
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READERS’ ENQUIRIES 
We are unable to offer any advice on 


sure you will find the whole thing "mind bending”! 

Just one word of warning, anything designed to “adjust” the normal 
workings of the mind must be treated with due respect. Make sure you read 
the article fully and understand the warnings given in it before you try out 


any entrainment equipment. 


PRICE 


You might think I need my brain tested, but regetfully, I must advise you 
of a cover price increase on EE - it is a year since our last rise. I hope you 
will agree that EE will still be good value at £1.60 — our cover price from 
next month. Most of the other magazines in this market have been charging 
more than us for some time. We will, of course, make sure that we continue 
to produce the best possible magazine and that we are as efficient and cost 
effective as possible. The new price represents an annual increase of just 


under seven per cent. 


You could, of course, avoid paying more by taking out a subscription 
before the next issue (or even by extending your subscription by a year if 
you already have one!). The price of an annual subscription is presently £17 
(about £1.42 per copy) and this will not be increased until Ist September, it 
will then go up to £18.50. Full information on subscription orders is given 


below. 


SUBSCRIPTIONS 

Annual subscriptions for delivery direct to any 
address in the UK: £17.00 (£18.50 from Sept. 1 
91). Overseas: £21.00 (£23 form Sept. 1 '91) 
(£39 airmail,£40.50 from Sept. 1 91). Cheques 
or bank drafts (in £ sterling only) payable to 
Everyday Electronics and sent to EE Subscriptions 
Dept., 6 Church Street, Wimborne, Dorset BH21 


+ q! EVERYDAY 


aaa 
ELECTRONICS 


| FREE INSIDE 
| 16 PAGE GREENWELD 


SUMMER SALE CATALOGUE SUPPLEMENT | 
| 


[| 
o 


E ii 


OPTICAL ' 
COMMUNICATIONS LINK 

PORTABLE PET SCARER 

PEDOMETER 


Everyday Electronics, September 1991 


1JH. Tel: 0202 881749. Subscriptions start 
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BACK ISSUES 

Certain back issues of EVERYDAY 
ELECTRONICS are available price €1.70 (£2.20 
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and Access (MasterCard) accepted, minimum 
credit card order £5. Enguiries with remittance, 
made payable to Everyday Electronics, should be 
sent to Post Sales Department, Everyday 
Electronics, 6 Church Street, Wimborne, Dorset 
BH21 1JH Tel: 0202 881749. In the event of 
non-availability one article can be photostatted 
for the same price. Normally sent within seven 
days but please allow 28 days for delivery. We 
have sold out of Jan, Feb, Mar, Apr, June, 
Oct, & Dec. 38, Mar & May 89 & Mar 90. 
BINDERS 

Binders to hold one volume (12 issues) are 
available from the above address for £5.95 
(£6.95 to European countries and £9.00 to 
other countries, surface mail) inclusive of post 
and packing. Normally sent within seven days 
but please allow 28 days for delivery. 
Payment in € sterling only please. Visa and 
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the use, purchase, repair or modification 
of commercia! equipment or the incor- 
poration or modification of designs pub- 
lished in the magazine. We regret that we 
cannot provide data or answer queries 
on articles or projects that are more than 
five years old. Letters requiring a per- 
sonal reply must be accompanied by a 
stamped self-addressed envelope or a 
self addressed envelope and interna- 
tional reply coupons. 

All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot however 
guarantee it and we cannot accept legal 
responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic com- 
ponents or kits for building the projects 
featured, these can be supplied by adver- 
tisers. 

We advise readers to check that al! parts 
are still available before commencing any 
project in a back-dated issue. 

We regret that we cannot provide data 
Or answer gueries on projects that are 
mors than five years old. 


ADVERTISEMENTS 

Although the proprietors and staff 
of EVERYDAY ELECTRONICS take 
reasonable precautions to protect the 
interests of readers by ensuring as far as 
practicable that advertisements are bona 
fide, the magazine and its Publishers cannot 
give any undertakings in respect of 
statements or claims made by advertisers, 
whether these advertisements are printed as 
part of the magazine, or are in the form of 
inserts. 

The Publishers regret that under no 
circumstances will the magazine accept 
liability for non-receipt of goods ordered, or 
for late delivery, or for faults in manufac- 
ture. Legal remedies are available in respect 
of some of these circumstances, and readers 
who have complaints should first address 
them to the advertiser. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We would like to advise readers that cer- 
tain items of radio transmitting and tele- 
phone equipment which may be advertised 
in our pages cannot be legally used in the 
U.K. Readers should check the law before 
using any transmitting or telephone equip- 
ment as a fine, confiscation of equipment 
and/or imprisonment can result from illegal 
use. The laws vary from country to country; 
Overseas readers should check local laws. 
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Constructional Project 


BRAINWAVE 


ANDY FLIND 


Ancient Chinese did it! Buddhists do ft! 
Hindus do it! Now you can do it in your own 
home by building this simple “entrainment 


machine” 


OLLOWING the publication of the EEG 
[= Biofeedback project (EE November, 

1989). we received an intriguing 
letter, drawing attention to biofeedback 
developments elsewhere in the world, 
especially in the United States. More 
correspondence ensued, bringing fascinat- 
ing information which led to much thought 
and experiment. In particular, an American 
book entitled Megabrain, by Michael 
Hutchison and copies of his newsletter The 
Megabrain Report, were most useful. 


BIOFEEDBACK 


For readers new to biofeedback, who 
may have missed the original EEG pro- 
ject, the aim with EEG biofeedback is to 
encourage the generation of specific electri- 
cal frequencies within the brain. Success is 
claimed to induce mental states including 
“alert relaxation" and intense visual im- 
agery, similar to those said to be attained 
by mystics after years of meditation. 

Conventional EEG (“electro- 
encephalography") biofeedback 
tries to achieve this by detecting 
the electrical activity of the brain 
with electrodes on the surface of 
the scalp. The tiny signals 
received are amplified and 
filtered, so that when a desired 
frequency appears the user will 
know. In theory, if you know you 
are producing the signal, you can 
learn to create and enhance it at 
will. 

A variation on this theme is 
based on the fact that the brain 
has two sections, or “hemi- 
spheres". If the electrical ac- 
tivity in these two parts can be 
synchronised, a special state of awareness, 
perhaps the mystics’ “nirvana”, is thought 
to be a possible result. 


ENTRAINMENT 


That's the theory. Producing these fre- 
quencies, even with the aid of a monitor, is 
usually quite difficult. It seems American 
experimenters gave up the effort a long 
time ago; instead théy now try to artificially 
induce them! 

This process is termed “entrainment”, 
and various methods are employed. The 
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earliest was the passing of a tiny current 
across the head at the desired frequency. a 
technique evolved from devices used for 
treatment of pain and drug or alcohol de- 
pendency. 

It is thought to stimulate the produc- 
tion of chemicals known as "endorphins" 
a sort of natural morphine. Needless to 
say the passing of currents through the 
brain will nor be encouraged in Evervdar 
Electronics. 

A safer method, widely used is "recrea- 
tional" units, is to flash lights in the user's 
eyes. This is easy to design and rela- 
tively safe, the only danger being that it 
may precipitate fits in epileptic subjects. 
Suitable warnings are usually given with 
designs operating on this principle. 

Sound is also sometimes used. One type, 
called "Hemi-sync" by the inventor and 
“Binaural beat" by others, consists of two 
audio tones differing in pitch by the desired 
brainwave frequency. If these two tones are 


WARNING NOTICE 


Photic stimulation at Alpha frequencies can cause 
seizures in persons suffering from Epilepsy. For 
this reason such people MUST NOT try this 
project. 

A user who is not a known epileptic, but when 
using the “Brainwave” begins to experience an 
odd smell, sound or other unexplained effect, 
should turn it off immediately and seek profes- 
sional medical advice. 

Because of the above possibility the Brainwave 
should not be used while on your own. YOU MUST 
TREAT THIS UNIT WITH DUE RESPECT. 


plaved together, the difference is heard as 
the familiar "beat" note. 

Playing the tones, one to each ear. 
through headphones is claimed to "tune" 
the brain to the difference frequency and 
synchronise the hemispheres. To the user, 
the effect is a pleasant bell-like tone, and 
when combined with, and synchronised to, 
flashing lights it does seem to enhance the 
"entrainment" effect. 


RED or... 


From the "Megabrain Report" it is 
obvious that much research and discus- 


sion continues around these methods, with 
their supporters still far from agreement 
as to which is the most effective. There 
is argument over frequencies. waveforms, 
and light duty-cycle. There is even serious 
debate as to whether the lights should be 
red or white! 

“Red fans” claim that, viewed through 
closed eyelids, the light will be red anyway, 
and the low cost and fast response of l.e.d.s 
makes them the best choice. High intensity 
l.e.d.s produce plenty of light and their nar- 
row beams are effectively diffused by the 
eyelids. 


2. WHITE 


“White” buffs, meanwhile, claim the 
narrow beam is a problem and that some 
colours stil! penetrate the eyelid and are 
necessary for correct stimulation. One 
manufacturer uses tiny incandescent bulbs 
designed for the American military, which 
have a. very high reliability and a claimed 
response time of just three milliseconds. 

In the United States "entrainment" 
devices are readily obtainable, ranging 
from complex table-top machines to 
Walkman-type portables. Many use 
microprocessors to provide programmable 
effects. The "FDA". a US 
government department controll- 
ing the sale of medicines and the 
like, has been trying to ban them 
on the grounds that they are 
“medical” products. 


MIND GYM 


Advertisers in the US now 
avoid mention of stress relief or 
other therapeutical use! In both 
the USA and Japan, there are 
"Mind Gyms" where sessions of 
relaxation and mental regenera- 
tion may be enjoyed on these 
machines, as one would go for a 
sauna or workout in an exercise 
gym 

In Britain, these devices are just 
starting to appear. There have been some ar- 
ticles in the press and the occasional men- 
tion on television, notably a full hour on the 
BBC's QED some months ago, and the in- 
struments themselves are beginning to arrive 
as imports. They are still rare and expensive, 
however. 

EE readers, of course. may build their 
own entrainment units at a fraction of the 
cost and try the effects for themselves. 
More experienced constructors can experi- 
ment and modify. and may contribute 
significantly to future developments. 
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In our December issue we plan to start 
publishing full constructional details of an 
advanced instrument with lights, “binaural 
sound“, and simple programming. To start 
with though, this simple lights-only project 
will enable readers to get a feel for them- 
selves of what entrainment is like and 
whether it is for them. 


BRAINWAVE 


The Brainwave flashes l.e.d.s at approxi- 
mately 2Hz to 20Hz. It uses a 25 per cent 
duty cycle, meaning that they're “on” for a 
quarter of the time. This allows them to be 
overdriven, providing adequate brilliance 
whilst reducing battery drain. The fre- 
quency range covers most of the brain- 
wave frequencies of interest, from Delta. 
sleep, through Theta and Alpha up to 
Beta, the normal alert and wide-awake 
frequency. 

Although simpler lamp-flashing circuits 
have appeared in American magazines, the 
Brainwave circuit offers superior perfor- 
mance. It consists of an oscillator, fre- 
quency divider, and two current sources for 
the l.e.d.s 

The oscillator action is best described 
with reference to the simplified diagram of 
Fig. 1. This shows an integrator formed 
around inverting amplifier Al and a 
Schmitt amplifier A2. 

If the output of A2 is low, the input to 
the integrator is low and A's output will 
ramp upwards. When it is high enough 
A2's output will switch to the high state 
and the output of A1 will then ramp down- 
wards. When it is low enough, the output 
of A2 will go low again, and so on. 

The output frequency of A2 will depend 
on R, C, and the voltage fed back from the 
control VR. The merit of this circuit is that, 
provided the value of R is high compared 
to VR, the output frequency will be almost 
linearly related to the position of V R. 


CIRCUIT 
DESCRIPTION 


In the full circuit diagram of the Brain- 
wave, Fig.2, ICla replaces Al, and the 
Schmitt amplifier A2 is formed by internal 
gates in IC2, a CMOS 4060B. The Schmitt 
switching levels are set by resistors RS and 
R6. 


Fig. 2. Complete circuit diagram for the Brainwave unit. The glasses Leds are 


The completed Brainwave control unit together with suitable glasses. 


Fig. 1. Simplified schematic of the os- 
cillator stages of the Brainwave circuit. 

Although the circuit is theoretically in- 
dependant of supply voltage, brief drops 
caused by l.e.d. currents can affect it. so the 
oscillator is supplied from a 5V regulator 
IC3. A 2.5V "ground" for VRI is supplied 
by resistors RI, R2, and IClb. Resistor R4 
sets the minimum frequency. 

The oscillator runs at 32 times the 
desired frequency. which is taken from the 
appropriate divider stage. By "AND"'ing 


this and the preceding stage with diodes DI 
to D4, the circuit gives a 25 per cent duty 
cycle at all frequencies. 

Most readers will know that the human 
ear responds logarithmically to sound in- 
tensity. since "log" pots are used to control 
amplifier volumes. The eye too is logarith- 
mic. so the l.e.d. current source control 
must also follow a log law. 

Due to supply voltage constraints the 
l.e.d.s are driven in two groups. and if the 
brilliance is to appear similar at low levels 
the control must be accurate. This is done 
by two op-amp current sinks (IClc, ICId). 
both following the voltage from the "log 
law“ potentiometer VR2. The maximum 
current is limited by resistor R9. 

The currents are, in fact, turned "off" by 
high outputs from IC2. When either pin 5 
or pin 7 of IC2 is high, the associated 
diodes conduct, pulling the inverting inputs 
higher than the control voltage from VR2 
and causing the op-amp outputs to fall to 
zero. turning off transistors TRÍ and TR2. 
Since the IC2 outputs are both low for only 


connected to the control box via a DIN 


plug and socket. 
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a guarter of each cycle, the reguired 25 per 
cent duty cycle is achieved. 


CONSTRUCTION 


The Brainwave unit is constructed on 
a piece of 0.1 in. matrix stripboard, with 
13 strips of 34 holes. This was chosen in 
preference to a p.c.b. so that it could be 
made quickly from materials (hopefully) to 
hand, for a cheap and simple demonstra- 
tion of it’s effect. 

The circuit board component layout and 
details of breaks required in the underside 
copper strips is shown in Fig. 3. Construc- 
tion should begin with the track breaks, 36 
in all. A common problem with stripboard 
is a minute strip of track remaining around 
the edge of a “break”, so they should be 
checked with a magnifying glass. 

Construction can proceed, in order of 
the components" physical height for ease. 
Links first, a total of 15, then diodes DI to 
D4, the horizontally mounted resistors Rl, 
R2, R3, R5, R7, R8, R9 and R13, then the 
sockets for ICI and 1C2. 

The three 10n capacitors Cl, C3 and C4 
should follow, then the remaining resistors, 
the two transistors and IC3, and finally the 
electrolytic capacitors C2 and C5. The use 
of solderpins will make access to the ex- 
ternal connections easier, especially during 
testing. 

Although some idea of the final assembly 
and layout for this project can be seen 
from the photographs, precise details are 
not given as it is in no wdy critical and 


COMPONENTS 


Resistors 


1 Ok (40) See 
k à 
1k2 SHOP 
47k 
100k TALK 
4k7 (2 off) Page 
22k 
22 (2 off) 
All 0.6W 1% metal film. 


Potentiometers 
VR1 10k rotary carbon, lin 
VR2 10k rotary carbon, “log” 
with switch 


Capacitors 
C1,C3 
C4 10n polycarbonate (3 off) 
C2 10u radial elect., 50V 
C5 470p radial elect., 35V 


Semiconductors 
D1, D2, 
D3, D4 1N4148 silicon diode (4 off) 
TR1, TR2 BC184 npn transistor (2 off) 
IC1 LM324 quad op-amp 
1C2 4060B CMOS 14-stage 
counter, with internal 
oscillator 

IC3 78L05 5V 100mA positive 
voltage regulator 


Miscellaneous 

Stripboard 0.1in. matrix, size 13 strips 
x 34 holes; 16-pin d.i.l. socket; 14-pin 
d.i.l. socket; l.e.d.s for glasses (6 off — 
see text); case; knobs; DIN plug/socket; 
eight AA batteries with holder; thin 
screened-twin lead for glasses; safety 
glasses or swimming goggles, see text. 


£13 


excl. Bat. & Glass. 


Approx cost 
guidance only 
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Fig. 3. Stripboard component layout and details of breaks in the underside copper 


Strips. 


many readers will have their own ideas 
regarding housing. The external connec- 
tions for controls, supply and outputs are 
shown in Fig. 4. 


TESTING 


Testing can be carried out in easy stages. 
If the board is powered without IC! and 
IC2, there should be a brief surge as the 
two electrolytics charge, then the current 
should settle to about 2.5mA. The 5V 
regulator (IC3) output can be checked, an 
easy place to find this is across pin 8, 
negative, and pin 16, positive, of IC2's 
socket. 

If the above checks out, potentiometers 
VRI and VR2 can be temporarily con- 
nected, a single l.e.d. placed across each 
output, ICI and IC2 inserted and, with 
the two controls at about mid-position, the 
circuit powered. The l.e.d.s should flicker 
rapidly, whilst the current will be some- 
where around five to l0mA. 

Control VRI should adjust the flicker 
from about 2Hz to 20Hz, whilst the log 


control VR2 should vary the brilliance 
from zero to very bright. Brightness 
"tracking" should be good almost to zero. 
The current will depend on brilliance, from 
a minimum of about 4mA to a maximum 
of about 40mA. 


GLASSES 


Construction of the l.e.d. glasses for this 
project is also largely up to constructors' 
preference. First experiments by the desig- 
ner had led.s fixed with "Blu-tack" to 
plastic safety glasses obtained from a DIY 
store. Later versions used the same glasses 
with the lenses drilled for l.e.d. mounting. 
for a neater and more permanent job. 

Great care has to be taken to ensure the 
Le.d.s are positioned right over the eyeballs 
though, and they may not then suit dif- 
ferent users. A better arrangement employs 
swimming goggles obtained from a sports 
shop. 

These place the l.e.d.s more accurately, 
and allow individual adjustment. Two or 
three l.e.d.s may be used for each side, in 
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Fig. 5. Wiring the glasses l.e.d.s in two groups and below the modified safety 


glasses ready for use. 
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two series-connected groups, with a com- 
mon anode connection as shown in Fig, 5. 

The number of l.e.d.s that can be driven 
depends upon the supply voltage. Allowing 
for the battery voltage to fall by a third 
before replacement, a nine-volt battery can 
operate two l.e.d.s for each eye. The circuit 
could operate with a single alkaline PP3, 
though the current drain makes a pack of 
six AA cells a better choice. 

A similar pack with eight AA cells, giving 
a nominal 12 volts, allows three l.e.d.s for 
each eye. Three cores are needed in the con- 
necting lead. Very thin screened twin has 
proved ideal, with the screen used for the 
"common" anode connection to the posi- 
tive supply. 

Various types of l.e.d. have been tried. 
For adequate brilliance all were driven well 
in excess of their specification, but with the 
low duty cycle they seem to withstand this 
abuse quite happily. At least, none have 
failed so far! 

Good results were obtained with “low 
current" types, but the best to date are 
Smm "Hyperbright", with a claimed out- 
put of icd, or 1000mcd. These give an 
excellent light level and when diffused 
through closed eyelids their narrow beam 
angle is no problem. 

The Brainwave should be used where the 
wearer can relax without fear of distur- 
bance for the intended period, usually 
around half an hour. Background noise 
should be minimised to avoid distraction 
although suitable sounds can be helpful. 

Soft music, or pink noise are suitable. 
The author's Seashell project (EE Novem- 
ber, 1988), which generates realistic surf 
sounds, has proved most effective. 

The unit should be used with the eyes 
closed. The light intensity should be set to a 
comfortable level, and the frequency ad- 
justed until it feels "right". It can then be 
gradually lowered to produce (hopefully!) a 
sensation of deep relaxation. 

Generally accepted bands of frequencies 
and their effects are as follows, from high 
to low: 

Beta - 14Hz to 25Hz. This is the 
predominant brainwave frequency where 
the subject is wide awake and concentrat- 
ing. You are (hopefully!) generating Beta 
signals as you read this article. 

Alpha — 7Hz to 14 Hz. Said to indicate a 
state of "relaxed awareness" this was the 
original frequency discovered at high levels 
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Fig. 4. Interwiring from 
the circuit board to off- 
board components. The 
glasses are connected 
to the board via a DIN 
socket SK1 
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Layout of components inside the control unit. 


during the meditation of Zen adepts, lead- 
ing to the first biofeedback experiments. 
An early American EEG instrument was 
called the * Alphaphone”. 

Theta - 4Hz to 7Hz. Interest in Theta has 
increased recently. It is claimed to en- 
courage vivid imagery, a kind of "waking 
dream" state, helpful in increasing per- 
sonal creativity. 

Delta — 2Hz to 4 Hz. Found in sleep, and 
in young babies. The author can confirm 
that if the user is tired and sitting comfor- 
tably, a spell of 2Hz will induce sleep! A 
nappy hasn't proved necessary yet, though! 


IN USE 


Various people have tried versions of this 
projéct during development. Most found 
the lower frequencies deeply relaxing and 
were enthusiastic about it. 

It can certainly reduce stress and, if used 
in the evening, the reduction is often ap- 
parent well into the following day. First- 
time users often report kaleidoscopic “pat- 
terns". but these seem to diminish with suc- 
cessive use. 

Most forms of meditation are aimed, in 
the initial stages at least, at reducing the 
number of “thoughts” passing through the 
mind. With a little co-operation from the 
user, entrainment seems to achieve this far 
more efficiently than the “mantras” usually 
employed. Whether it has any use for 


reaching the deeper states sought by ad- 
vanced meditators remains to be seen. 

Qn the down side, it’s not for everyone. 
Anyone subject to epilepsy should beware, 
see the appropriate warning elsewhere in 
this article. A couple of people simply 
didn't like it, one found it frightening. The 
author has at times experienced a sensa- 
tion approaching vertigo, a sense of being 
“sucked in”, hard to describe. 

Any attempt to quieten the "conscious" 
mind tends to allow stored subconscious 
images to surface. This may cause a night 
or two of interesting and vivid dreams, but 
for most this is probably a healthy 
"balancing" process. Anyone who suspects 
they have some repressed painful ex- 
periences should perhaps be cautioned, 
though. Finally, a couple of users reported 
nausea! 

Such negative effects were relatively in- 
frequent, and shouid not discourage most 
potential users. This simple and inexpen- 
sive project is intended to allow readers to 
find out if this new technology suits them, 
personally 

Within the next few months, we will 
continue to explore this fascinating subject 
with a further design offering "binaural 
sound" in addition to the lights to enhance 
the effect. It will also be voltage-controlled 
for the future addition of programmed 
operation. ag 


Constructional Project 


DRY CELL 
RECHARGER 


ALAN TONG 


Last month's feature article described 
“Better Use of Dry Cells”, this month 
we show how to use your cells up to 


twenty times. 


N LAST months article it was established 
| that zinc carbon and alkaline cells are 

far superior products to nickel cad- 
mium rechargeable cells (NiCad's). It may 
then come as some surprise that ordinary 
"primary" zinc carbon and alkaline cells 
can be recharged. 


Recharging Ory 
Cells 


There are several advantages to recharg- 
ing dry cells as opposed to NiCad's 
Firstly the capacity of dry cells (especially 
alkaline) is much greater than that of 
NiCad's. This means that in a typical 
application a recharged dry cell will last 
five times as long as a NiCad 

NiCad's discharge themselves rapidly on 
standing, this makes them unsuitable for 
some applications such as clocks and emer- 
gency lighting. while recharged dry cells are 
suitable. The biggest argument for recharg- 
ing dry cells however is cost. NiCad's 
cost several pounds while “used” dry cells 
are effectively free since they are usually 
thrown away 


Why then are 20 billion batteries thrown 
away every year? As already mentioned 
most people don't realise that they can be 
reused. Manufacturers will admit (reluc- 
tantly) that these cells can be recharged. If 
there was no possibility of cells being 
recharged there would be little point in 
telling you not to recharge them, since 
nobody would try. 

Warnings printed on the cells range from 
the mild Do no! recharge to the extreme 
Danger of leakage or exploslon. Firstly cells 
cannot explode (unless thrown on a fire). 
all cells from reputable manufacturers have 
either a weak spot or wax plug built in to 
prevent any serious pressure build up. This 
can occur if a cell is inserted the wrong way 
around or if a discharged cell is inserted 
with fresh ones. The safety "vent" allows 
the gases to escape in a controlled way. An 
engineer working for a well known battery 
manufacturer told me that he had been 
recharging dry cells for severa! years. 

If a standard dry cell is plugged into a 
NiCad recharger it will be partially 
recharged, but thete is an increased chance 
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that it will leak. The amount of charge 
retained will also be a barely useful 
amount. / do not recommend even trying 
this. 


Matter of 
Chemistry 


The chemical process involved in dis- 
charging a typical cell is shown in Fig. |. 
When in use the anode, often zinc, is 
oxidised forming zinc oxide. This oxygen 
has come from the cathode which has been 
reduced (different processes occur in dif- 
ferent types of cell but these are best left to 
chemists). 

To recharge this cell we have to get the 
zinc oxide back to zinc. This is a process 
similar to electroplating. If you can remem- 
ber electroplating experiments from the 
dreaded chemistry lessons you will recall 
that it involves an electric current flowing 
through a solution; copper sulphate is 
commonly used to demonstrate this. 

In this experiment copper is deposited on 
to one of the electrodes. The problem is 
that the electrode has not been plated with 
a coat of shiny copper, instead the copper is 
in spongy lumps. This is what happens 
when you recharge an ordinary cell ina 
NiCad recharger. NiCad rechargers simply 


(a) DISCHARGING 


CATHODE 
(METALIC 
OXIOE | 


(b) RECHARGING 


Fig. 1. Chemical process involved in 
discharge and charge. 
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force a d.c. current through the cell in the 
opposite direction to normal (Fig. 1b). 

Inside the cell the zinc is plated out into a 
spongy mess instead of the original hard 
compact state. This re-plated zinc will take 
up more volume than it originally did. 
causing the internal components to dis- 
tort. This distortion prevents an effective 
recharge and can lead to leakage. 


Periodic Current 


Fleversal 

Not surprisingly the electroplating in- 
dustry has found a way to produce success- 
ful results with these metals. The solution is 
known as periodic current reversal (PCR). 
PCR as it's name suggests consists of 
reversing the current flow at regular inter- 
vals, this prevents dendrite formation (see 
Part One) and gives a smooth finish. 

When PCR is used to recharge dry cells 
the internal structure is not distorted and 
the cell can be successfully recharged 
without risk of leakage. It should be noted 
at this point that dry cells can only be 
recharged about 20 times before the 
capacity drops off, but when you consider 
that this is equivalent to recharging 
NiCad's 100 times and that the cell was 
"free" in the first place it is not a serious 
problem. 


Safety 

It is worth re-examining the question of 
safety at this point. Cells will not explode 
unless thrown on a fire, and with a bit 
of care they will not leak. Then why are 
warnings printed on cells? One reason may 
be that a little bit of knowledge can be a 
dangerous thing. If people know that cells 
can be recharged, but not how to recharge 
them, then mistakes could be made. 

We cannot really expect the battery 
manufacturers to promote dry cell recharg- 
ing. The dry cell market is a saturated one 
and any serious reduction in the number of 
cells sold might cause companies to fold. 

The situation, however is different in 
other countries. In Japan recharging is 
officially encouraged and battery com- 
panies sell rechargers (mostly d.c.). In these 
countries there are no warnings on the 
cells. although export batteries still bear 
warnings! A well known manufacturer of 
alkaline cells in the UK prints on its cells 


AC. WAVEFORM 


PCR. WAVEFORM 


Fig. 2. Standard a.c. and PCR a.c. waveform. 
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Fig. 3. Basic 
PCR charging 
circuit. 


CELL BEING 
CHARGED 


TABLE 1 


CELL SIZE 


S6OR(4)] 220R(4)| e8ROD 
Rb 120R(5)| £7RUD. | 16R(3) | 6Re(S) 
T1 RATING) IVA 5VA 


FIGURES IN BRACKETS SHOW POWER RATINGS FOR 
RESISTORS 


NB. FOR STANDARD (1200mAh) D SIZED NI-CADS 
USE VALUES AS FOR C SIZE. FOR INDUSTRIAL 
(4000mAH) USE O SIZED VALUES. 


Table 1. Resistor selection for various 
batteries. 


for the home market "Do not recharge or 
dispose in fire, may explode or Jeak" 
curiously batteries for export simply state 
"Do not recharge", 


Important 


Guidelines 

Some guidelines are necessary for safe 
and efficient recharging. It would be ir- 
responsible to publish a recharging circuit 
without them (a /ittle bit of knowledge . . .). 

I. Recharge using PCR. do-not use d.c. 

2. Limit the forward and reversę cur- 
renis. (see Table I) 

3. Limit the recharge time, or in other 
words do not try to put more energy 
back into a cell than it originally con- 
tained. 

4. Recharge soon after discharge as cells 
left in a discharged state for a long 
period of time (more than a few 
weeks) will not accept a recharge. 

5. Do not fully discharge cells, some cells 
especially zinc chloride dry 
out as they discharge. 

If a cell fully dries out the 
chemical reactions cannot be 
reversed so the cell cannot be 
recharged. In practice this 
means stopping using cells 
when the radio begins to 
distort or the torch bulb 
seriously dims. 


Ra - Rb ASIN TABLE 1 
01-04 1N4001 


6. Use cells from reputable manufac- 
turers, these will be better quality so 
will last longer and are less prone to 
leakage. 

7. Do not keep cells for long periods of 
time, cells get more prone to leakage 
as they get older. Discard cells after 
one or two years. 

8. Only use the following PCR 
Recharger with zinc. carbon. zinc 
chloride, alkaline and Ni-Cad cells 
(these are the most, common anyway). 

In five years of recharging | have never 

had a cell leak when using PCR, some old 
cells have leaked when I have used d.c. but 
since they have only leaked in the charger. 
not when in use, no damage was done. 


Design 

To recharge cells. a current of the correct 
magnitude that will be reversed at regular 
intervals is required. The frequency at 
which this reversal occurs is not critical so 
it makes sense to use mains frequency 
(SOHz). Obviously applying an ordinary 
alternating current (a.c.) to a battery will 
achieve nothing as on positive cycles it will 
charge the cell. on negative cycles it will 
discharge the cell (Fig. 2). What is required 
is a waveform where the forward charge 
current will be greater than the reverse 
current. This can be achieved by biassing 
the a.c. waveform to give it a non zero 
average. 

A simple way of achieving this is to shunt 
a resistor with a diode; this leads to a very 
simple circuit shown in Fig. 3. When cur- 
rent is flowing in the forward charge direc- 
tion it will flow through the diode bypass- 
ing R, and then flow through Rp. This will 
give a current of |=(4.5-0.7-1.5)/Rp. The 
1.5V being the voltage from the cell when it 
is recharged and the 0.7V being the voltage 
drop across the diode. 

When the current flows in the opposite 
direction it passes through both R, and Rp 
(the diode is reverse biassed so no current 
will flow through it). The reverse current is 
given by | =(4.5+ 1.5) (R, + Ry). The most 
efficient ratio of forward to reverse cur- 
rents is about 5 to 1. To make the charger 
compatible with NiCad's, standard NiCad 
charging currents have been used. 

As a design example AA size batteries 
require a forward charge current of 
S0mA. Rearranging the equation for 
forward charge current we get Ry —(4.5- 
1 5-0.7)/0.05. This gives a value of 46 
ohms, the nearest available resistor is 47 
ohms. The reverse current (one fifth of the 
forward) should be I0mA. Rearranging 
the reverse current equation we get 
Rat Rp=(4.5+ 1.5)/0.01. This gives a 
value of R, of 553 ohms, the nearest 
available value is 560 ohms. The power 
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COMPONENTS 


Resistors See 
R, and R, see Table 1 Cni 
(4 off each) = 


ALK 


Page 


Semiconductors 
DitoD4 1N4001 (4 off) 


Miscellaneous 
T1 Mains (240V) primary, 
4.5V secondary at 1 VA 
to 5VA - see Table 1 
Mains lead and fused (1A) plug; strip- 
board - see text; MB3 plastic box - see 
text; battery holder for four cells (AAA 
to D size - see Table 1); earth tag 
and fixings for T1, battery holder and 
stripboard; connecting wire; mains lead 
grommet and cable clamp. 


£8.50 


rating for the resistors and transformer 
must also be calculated. All the necessary 
values are in Table I. 

The full circuit diagram (Fig. 4) allows 
for four cells to be charged at once. A 
higher rated transformer will be required if 
you wish to recharge more than four cells 
at once. Note however that an even num- 
ber of cells should be recharged at one 
time, this ensures that a balanced load is 
provided to the transformer. - Note that 
the diodes and cells are reversed in each 
section of the circuit. 


Approx cost 
guidance only 


The circuit as it stands is very simple. 
This is deliberate as in an article designed 
10 save money it seems pointless to add 
the usual flashing l.e.d.'s and timing units 
found in most NiCad chargers. 


Construction 

Construction (Fig. 5) should cause no 
problems due to the simplicity of the 
project. The exact components used will 
depend on the size of batteries you wish to 
recharge. The circuit is built on a piece of 
stripboard. The size used can be chosen to 
fit in the box used. The minimum sensible 
size being 12 strips by 21 holes. 

Connections to the transformer should 
be double checked and any terminals 
connected to the mains should be insu- 
lated. Where the mains cable enters the 
box a grommet and cable clamp should be 
used to prevent possible damage to the 
cable. The size of hole drilled for this will 
depend on the grommet used. 

The mains plug used should have a 
one amp fuse rather than the usual thir- 
teen. amp. The transformer should be 
securely fixed within the box and its frame 
should be connected to the mains earth 
lead. 

Five holes will need to be drilled in 
the top of the box to connect to the bat- 
tery holders. Ensure enough wire is run to 
the battery holders to allow the lid to be 
removed. The holders can either be glued 
or screwed to the top of the box. One 
practical note about the battery holders; 
the metal terminals will have to be care- 
fully soldered or the plastic surrounding 
them will melt. 

The case used for this 
was a MB3 plastic box 


project 
measuring 


BH: BATTERY HOLDER 


ARTH TAG 


115x95x 43.5mm. If you choose to use a 
metal box ensure that it is correctly 
earthed. 


Testing 

An ammeter can be used to test the 
circuit. If the meter leads are connected 
to the terminals on one of the battery 
holders, and the recharger plugged into 
the mains. a current slightly less than 
the forward charging current should be 
measured. 

Disconnect the unit from the mains 
and insert some cells to be recharged. 
Measure the voltage across one of the 
cells, then plug the unit into the mains 
again, a slight rise in voltage should be 
observed. If this rise is observed then the 
cell is being recharged. 


In Use 


Operation is simple, discharged cells 
are simply inserted into the battery 
holders and the unit connected to the 
mains. The only question is how long to 
charge cells for? This depends on what 
type of cell is being recharged and how 
discharged the cell was in the first place. 

Zinc carbon and zinc chloride cells 
usually require 12 to 18 hours to recharge. 
Alkaline cells, since they have much 
higher capacities. require 24 to 36 hours. 
By using a battery tester. the state of 
charge of a cell can be measured (see part 
one of this article). Recharging should be 
halted when a cell gives a slightly lower 
reading than a new cell. Do not try to put 
more into a cell than it originally 
contained as it could leak. 

The recharger only has to be used a 
few times to pay for itself. f 


[o > e e ei 
O 0 O O O.O O 9 O O O O O O O O O O O O OO 
OO O O O O O O O O O O O O O O O O O QOO 


Li 
M 
L 
k 
J 
1 
Li 
6 
F 
E 
o 
c 
B 
a 


Prototype charger was made using scraps of strip- 
board to hold the components. Mains connections to 


the transformer should be insulated before testing. Fig. 5. Construction of the Dry Cell Recharger. 
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Finally... an exceptional PCB and Schematic CAD 
system for every electronics engineer! 


B ooraaker lisa powerful software tool which 
provides a convenient and professional method 
of drawing your schematics and designing your u pe 
printed circult boards, in one remarkably easy to 73| De E = 3 

1 


+ 


use package. Engineers worldwide have 
discovered that it provides an unparalleled price 
performance advantage over other PC- based m 
systems. CINE T x 


ESES EF] 


65C51 


& 
asda 


BoardMaker 1 Is exceptionally easy to use - its " 
sensible user interface allows you to use the e] 
cursor keys, mouse or direct keyboard í T. 
commands to start designing a PCB or E 
schematic within about half an hour of opening ax CON 
the box. 


Produce clear, professional schematics for 
HIGHLIGHTS inclusion in your technical documentation. 


Hardware: 


m IBM PC, XT, AT or 1004 compatible. 
B MSDOS 3.x. 
m 640K bytes system memory. 
E HGA, CGA, MCGA, EGA or VGA display. 
m Microsoft or compatible mouse recommended. 


Capabilities : 


m Integrated PCB and schematic editor. 

m 8 tracking layers, 2 silk screen layers. 

m Maximum board or schematic size - 17 x 17 

inches. 

m 2000 components per layout. Symbols can be 

moved, rotated, repeated and mirrored. 

E User definable symbol and macro library facilities 

Including a symbol library editor. 

B Graphical library browse facility. 

m Design rule checking (DRC)- checks the 

clearances between items on the board. 

E Real-time DRC display - when placing tracks you 
can see a continuous graphical display of the 
design rules set. mount support - ground and power planes (hatched or 
Placement grid - Separate visible and snap grid - solid)- 45 degree, arced and any angle tracks. 

7 placement grids In the range 2 thou to 0.1 inch. l— — - 

B Auto via - vias are automatically placed when 
you switch layers - layer pairs can be assigned by 
the user. 

Blocks - groups of tracks, pads, symbols and text 
can be block manipulated using repeat, move, 
rotate and mirroring commands. Connectivity 
can be maintained if required. 

SMD - full surface mount components and 
facilities are catered for, including the use of the 
same SMD library symbols on both sides of the 
board. 

Circles - Arcs and circles up to the maximum 


board size can be drawn. These can be used to Don't take our word for it. Call us today for a 
nerate rounded track corners. 


round plane support - areas of copper can be FREE demonstration disk and judge for yourself. 
filled to provide a ground plane orlarge copper | 
area. This will automatically flow around any 
existing tracks and pads respecting deslgn rules. 


Despife its quality and performance, 
BoardMaker 1 only costs £95.00. Combine 
o 5 this with the 100% buy back discount If you 

upgrade to BoardMaker 2 or BoardRouter 
and your investment in Tsien products Is 
assured. Price excludes carriage and VAT. 


Tsien (UK) Limited 


Photoplot (Gerber) output. 
NC (ASCI Excellion) drili output. 


“Output drivers : Cambridge Research Laboratories 
E Dot matrix printer 181A Huntingdon Road 

m Compensated HP laser printer Cambridge CB3 0DJ 

m PostScript output. Tel 0223 277777 

m Penplotter driver (HPGL or DMPL). Fax 0223 277747 

E 

B 


All trade marks acknowledged 
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INTER FACE 


Robert Penfold 


S EXPLAINED last month, a technical 
A problem with my printed circuit 

design program prevented details of 
the pcb. for the improved PC prototype 
card from appearing in that issue. As 
promised, details of the board are included 
in this month’s Interface article. Fig.1, Fig.2, 
and Fig.3 respectively show the top side, 
underside, and component overlay. This is 
basically just the original (passive) PC 
prototyping card with the four output 
address decoder (as described last month) 
added on to it. 
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Fig. 1. The top (component) side of the 
PC prototyping card (% scale). Only 
the component area of the board is 
shown. 


There is a slight change to the basic board 
in that an extra connection to the expansion 
bus has been provided. This is the “RESET” 
line. This will not be compatible with all 
add-on circuits, which may therefore need 
some processing of this line in order to 
provide a suitable signal. In some cases the 
add-on circuits will need to have their own 
independent reset circuit. 


However, it is advisable to use this line to 
originate the reset signal whenever this is 
possible. This ensures that the add-on circuit 
will be reset if the computer should happen 
to be reset some time after switch-on and 
the initial reset cycle. The reset pin is the 
one between the OV and —5V pins (ie. 
the third from the right when the board is 
viewed from the component side). Apart 
from this addition, the connections to the 
expansion bus are as before. 

Although you might think that there 
would be no output pulses from the four 
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Fig. 2. The underside track pattern of 
the prototype board. Only one end of 
the board is shown. 


decoded outputs unless you access an I/O 
address in the appropriate range, this is not 
in fact the case. Remember that the address 
decoder does not process any of the read or 
write lines, and it therefore provides less 
than full decoding. Pulses from the decoded 
outputs is therefore only to be expected, 
and is not indicative of a fault. 

As explained in a previous Interface article, 


An early stripboard version of the DIY PC prototype card described in our 
July '91 issue. 
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a 2-input NOR gate is all that is needed 
in order to decode one of the address 
decoder's outputs with IOR or IOW. If the 
peripheral chip or chips used with the card 
have suitable "RD" and "WR" inputs, then 
these should be fed from IOR and IOW of 
the expansion bus, with no further decoding 
being necessary. 


8522 PIA 

Of the various types of PC prototyping 
system I have tried, L find that this tard, 
fitted with a couple of “Veroblocs” or similar 


15 LAY R/R O CON 


Fig. 3. Component layout of the 
"working area" of the PC prototyping 
card, the board measures 204mm x 
100mm. 


breadboards, is very easy to use. Once fitted 
with some single-strand insulated wires to 
provide connections between the data bus 
etc. and the breadboards, it is quick and easy 
to prototype various types of input/output 
port. 

One way of improving the unit still fur- 
ther would be to have some input/output 
lines available on-board. In other words, to 
have something similar to the user port of 
computers such as the BBC micros included 
on the board. This would permit non-bus 
compatible devices such as some D/A con- 
verters to be easily interfaced to a PC. For 
bus compatible devices the version of the 
card which only carries the address decoder 
would probably still be the best option. 

There are several parallel interface 
chips which can be used with the 8086 
series of microprocessors, but the 8255 
seems to be the most popular choice. This 
chip will be familiar to many readers, as it 
has been popular over the years as the 
basis of add-on parallel interfaces for Z80 
based computers such as the Sinclair 


Spectrum. 
This provides some twenty four 
input/output lines arranged as three 
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eight-bit ports which are ports A to C. In 
fact port C can operate in a split mode 
where it effectively functions as two 
four-bit ports. This split operation is 
mainly used where port C will provide the 
handshake lines for ports A and B. 

An important point to bear in mind 
when using the 8255 is that apart from 
this split mode of port C, the lines of each 
port must all be set as inputs, or all as 
outputs. It is not possible to control the 
function of each line individually. 

This makes the twenty four lines of the 
8255 in some ways less versatile than the 
twenty lines of devices such as the 6522 
and 6821, which do offer this individual 
control. In fact I much prefer the 6821 and 
6522, which offer some elegant methods 
of handling handshaking. Unfortunately, 
these devices do not interface easily to an 
8086 series bus. 


Right Connections 


As an 8255 is bus compatible with the 
PCs, an 8255 plus last month's address 
decoder is all that you need in order to 
produce a PC PIA card, or a PIA eguipped 
prototyping card. Fig.4 shows connection 
details for the 8255 when it is used in this 
way. The chip select input is a negative 
active type which can be driven directly 
from one of the address decoder's outputs. 
The read, write, and reset inputs are simply 
driven from the corresponding lines of the 
expansion bus. 


The 8255 has four registers, and the 
required register is selected via AO and Al. 
These would normally (as here} be fed from 
AO and Al of the computer's address bus, 
placing the chip at four consecutive ad- 
dresses. For example, if the &H300 output 
of the address decoder is used, the 8255 will 
appear in the input/output map in the way 
shown below: 


Address (Hex/Dec) Function 
&H300/768 Port A 
&H301/769 Port B 
&H302/770 Port C 
&H303/771 Control Register 


These registers will also appear at echoes 
from &H304 to &H307, rendering these 
addresses unavailable for use with other 
circuits. From GW BASIC you can write to 
the chip using the OUT instruction, and 
read it using the INP function. Most BASICs 
for the PC have these or equivalents, but 
not all BASICs provide for direct control 
of input/output devices. The 8086 series 
of microprocessors do not have memory 
mapped input/output, which means that 
PEEK and POKE cannot be used. 

Although BASIC languages tend to be 
regarded as out of date by many people, 
they are actually well suited to the control 
of user add-ons. An interpreted BASIC such 
as GW BASIC is very well suited to in- 
itial testing of user add-ons, even if some- 
thing faster such as assembler or a compiled 
BASIC is used for the final software. Since 
virtually all PCs are supplied complete with 
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Decoder 


Fig. 4. Interfacing an 8255A PIA to 
the PC expansion bus. 


a copy of GW BASIC, this is the language 
we will use for example software routines. 


Next Month: Programming the 8255 will 
be discussed, and (p.c.b. design program per- 
mitting) a suitable printed circuit board for 
the 8255 Protocard will be provided. We 
will also consider interfacing other devices 
to the PC expansion bus. 


INTERFACING? 


WANT TO LEARN 
ABOUT COMPUTERS? 


This is the interfacing computer for you: 


e Enhanced Microsoft BASIC ROM 


e 80 character 8 line LCD display (480°64 dots) 


e Two RS232 ports 


e Microcassette data/programme storage 
e Two analogue to digital ports included 


Build or Upgrade your own 
I.B.M Compatible 


bae yo, EUR na 
286 16Mhz up to 4Mb, IDE, 2 Serial, 1 Parallel on board............ £115.00 
386sx 20Mhz up to 8Mb, IDE, 2 Serial, 1 Parallel on board ........ £299.00 
386 25Mhz up to BMb (Special offer till 1st August) .. 
386 33Mhz up to 32Mb (128k cache) Ls 
486 25Mhz up to 64Mb...... fasso 

'phone for the latest memory price. 


Haro Drives 


MOTHERBOARDS | 


£492.00 
£1463.00 


Floppy Drives 


e Battery backed 
€ Full Z80A bus interfacing 


€ In-house programming advice included for first 3 
months 


e Full QWERTY keyboard 
e 30 day monéy-back guarantee 


e Connects to other computers and printers via serial port 
(powerful software included) 


At £200 to £250 + VAT depending on service 
required (the screen and keyboard alone are 
worth more than that) this could be the most 
cost-effective solution to your interfacing or 
learning neéds you are ever likely to find. 


35 Mall Road, London W6 9DG 
Tel: 081 748 0052 Fax: 081 741 1135 


Everyday Electronics, September 1991 


5.25° 1.2Mb Floppy drive .. £50.00 
3.5° 1.44Mb Floppy drive .. £50.00 


89Mb IDE 19Ms 3,5“ 
124Mb IDE 18Ms 35 ........ £319.00 

Pius Developments 

52Mb IDE 9ms 3.5° . £179.00 
104Mb IDE 9ms 3.5* £359.00 
Many more hard drives cvailable 


Caros 


16 Bit VGA 256k ........ 
16 Bit VGA 1024k 

IDE HDD/FDD controller, 2 seriol & 1 
parallel ports, games port .. £32.50 


Books 


PC. Configuration Hndbk £21.95 
Programmers Reference 

Manual for the IBM PC... £22.35 
Catalogue ...... 


Monrors 


Samsung 14º mono VGA $95.00 
Tystar 14º SVGA colour .. £210.00 
(1024 x 768) 


This is just a small sample of our range. We have many other parts and 
books available, including modems, network cards, software, printers 
etc... Complete machines also supplied. Full detalis In our catalogue, 
write or call for your copy now. All our parts come with a one year 
warranty and are fully tested before despatch. All prices Pius VAT 


Knowles & 
Associates 


43 Victoria Avenue 
Hull, HU5 3DN. 
Telephone: 0482 448224 
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Teach-/n 97 


DESIGN YOUR 
OWN CIRCUITS 


What next? 


MIKE TOOLEY BA 


This final part takes a look back 
through the preceding nine 
parts and provides a number of 
ideas for future projects. We also 
deal with some comments, 
queries and suggestions made by 
readers. We begin, however, with 
some timely advice on circuit 
layout and construction 
together with a number of 
hints and tips onstripboard and 
printed circuit board design. 


HEN the time comes to assemble 
W test a circuit, there are a 
number of techniques which can 
be employed, including matrix boards, 


stripboards and printed circuits. 


Constructional 


techniques 

Matrix boards and stripboards are ideal 
for initial breadboarding and one-off 
prototype construction. Matrix boards are 
usually punched with a 0.1 inch matrix of 
holes (either 0.040 inch or 0.052 inch in 
diameter) which are designed to accept 
push-fit soldering pins. The pins are 
available as either single or double sided 
and, with the latter the user is able to 
mount components (such as transistors, 
diodes and resistors) on the upper side of 
the board whilst the wiring (using short 
lengths of tinned copper wire or insulated 
wire) is carried out on the lower side of the 
board. This method is, however, somewhat 
less suited to breadboarding integrated 
circuits since wire links must be soldered 
directly to the pins of the i.c. sockets and 
this is often a rather messy process! 

Stripboards, on the other hand. provide 
the user with a matrix of holes linked 
together with copper strips. Here again, 
terminal pins may be fitted but there is 
no need for them (apart from off-board 
wiring) since component leads can be in- 
serted through the holes and soldered 
directly to the tracks on the lower side of 
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the board. Tracks may be broken using a 
small drill bit or "spot-face cutter". This 
method is ideally suited to integrated cir- 
cuit breadboarding since it allows i.c. sock- 
ets to be soldered directly in place. 

Provided care is exercised in component 
positioning, the stripboard technique offers 
the advantage that relatively few wire links 
are required and that components can be 
mounted and soldered directly to the cop- 
per strips without the need for pins. 

Unfortunately, conventional (ypes of 
stripboard (those with parallel runs of 
strips throughout the entire board surface) 
are generally unsuitable for relatively 
complex circuitry of the type associated 
with microprocessor systems. For such 
circuits, special purpose stripboards are 
available with copper tracks arranged in 
groups which permit the mounting of d.i.l. 
integrated circuits. (including the larger 
28-pin and 40-pin types). 

For those intending to use standard 
enclosures, card frames and "backplanes". 
stripboards are also available in a range of 
standard card sizes (single and double 
Eurocard being most common). These 
cards (which can be quite expensive!) are 
generally available with plated-through 
holes and are often provided with edge 
connectors (either direct or indirect types). 


Stripboard layout 
Before attempting to start wiring a strip- 
board circuit it is well worth spending a 


little time laying the circuit out on paper! 
This exercise is sometimes seen as a chore 
but can be instrumental in minimising the 
number of links and soldered joints re- 
quired as well as making the most effective 
use of the available space on the boards. 
The following steps are recommended: 


(a) Make a copy of the circuit diagram 
and mark all components (such as 
switches, connectors and variable 
resistors) which will require "off- 
board" mounting. 

(b) Mark on the circuit diagram (using 
appropriate letters and/or numbers. 
e.g. SKI pin-l. SKS pin-3, etc) all 
points at which an "off-board" con- 
nection is to be made. 

(c) Identify any multiple connections 
(e.g. data and/or address bus 
connections) required between in- 
tegrated circuits or between in- 
tegrated circuits and connectors. 

(d) Estimate the total area of strip- 
board required to accommodate 
your circuit and select a board of 
appropriate size (in some cases the 
size will be dictated by the enclosure 
or the need to use a standard card 
size). A simple rule of thumb is to 
allow about two square inches of 
board for each 8, 14 or 16-pin 
dual-in-line integrated circuit used. 

A similar arca should be reserved 
for each transistor (and associated 
components) and an overhead of 
about 10 per cent allowed for con- 
nectors. Hence a board measuring 
five inches by four inches can be 
expected to accommodate up to 
nine 14-pin integrated circuits. 

Note that, in most (but not all) 
cases the layout will be most 
efficient if the copper tracks are 
aligned with the major (longer) axis 
of the board. It is, of course, 
advisable to use standard sizes of 
stripboard wherever possible. Fur- 
thermore, where larger boards have 
to be cut down to a particular size, 
it is usually more efficient to align 
the strips along the major axis of 
the board. 

(e) Atthis stage, it may also be worth 
considering the means of mounting 
the stripboard. If it is to be secured 
using nylon or plastic snap-fit pil- 
lars or bolts and threaded spacers, 
it will be necessary to allow ade- 
quate clearance around the mount- 
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ing holes. when positioning. Note 
also, that larger boards may re- 
quire a number of mounting pillars 
placed at appropriate points (not 
just at the four corners). 

(f) Having ascertained the board 
dimensions, it is worth producing a 
rough component layout for the 
stripboard. using paper ruled with 
squares; the corners of the squares 
representing the holes in the 
stripboard. I recommend carrying 
out this process "actual size" using 
0.1 inch graph paper. For 
preference, it is wise to choose 
paper with a feint blue or green grid 
as this will subsequently disappear 
after photocopying leaving you 
with a “clean” layout! 

(g) The next stage involves reserving 
some of the copper strips for dis- 
tribution of the supply rails (includ- 
ing the provision of an effective 
ground/0V connection to all points 
on the board). 

At this stage, it is particularly im- 
portant to identify all conductors 
which will be handling high cur- 
rents (i.e. those in excess of 1A) 
and use adjacent strips connected in 
parallel at various points along the 
length of the board. It is also worth 
reserving the strips (if not the same) 
which will be used to convey the 
supply rails; as far as possible these 
should be continuous from one end 
of the board to the other. 

Note that it is often convenient to 
use adjacent strips for supply and OV 
since decoupling capacitors can 
easily be distributed at strategic 
points. Ideally, such capacitors 
should be positioned in close 
proximity to the positive supply 
input pin to all integrated circuits 
which are likely to demand sudden 
transient currents (e.g. 555 timers, 
relay drivers, i.c. power amplifiers. 
etc). 

Finally, in high frequency circuits 
it is important to link all unused 
strips to OV at regular points. 
This promotes stability by reducing 
stray signal coupling and ensuring 
that the OV rail is effective as a 
common rail. 

(h) Next, consider the placement of the 
"off-board" connections identified 
in (b). It is often desirable to have 
these located at the edges of the 
board however in some cases there 
can be advantages in locating these 
points in more central positions. 

If multi-pole connectors are to be 
used, it is nearly always worth decid- 
ing upon the optimum position for 
these first. Supply and other signal 
connections can usually be placed 
later. However, it is advisable to 
keep inputs and outputs at opposite 
ends of the board as this not only 
helps maintain a logical circuit lay- 
out (progressing from input to out- 
putpbut, in high gain circuits, it can 
also be instrumental in preventing 
instability due to unwanted feedback. 

(i) Next arrange the components in 
(c) in physical proximity and with 
an orientation which minimises the 
number of links required. These 
components should be placed on 
the layout diagram and aligned so 
that. their. connections follow the 
major track axis of the board. 
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() Now identify components which 
require special attention (such as 
those which require heatsinks or 
have special screening require- 
ments) Ensure that these com- 
ponents are positioned sensibly 
bearing in mind their particular 
needs. 

(k) The remaining integrated circuits, 
transistors, diodes and passive 
components can then be placed. 
Here again it is important to place 
each component in such a way as to 
minimise the length and number of 
links required. These should be 
made on the upper (component) 
side of the stripboard. Only in 
exceptional cases should links be 
made on the underside (foil side) of 
the board. 

(I) Itis often worth experimenting with 
the positioning of integrated cir- 
cuits (it is good practice, though not 
essential. to align them all in the 
same direction). Furthermore. in 
order to minimise strip usage and 
the number of links required. logic 
gates may often be exchanged from 
package to package (or even within 
the same package). However, if you 
do have to resort to this dodge, 
don't forget to amend the circuit 
diagram!. 

(m) Having completed the stripboard 
layout. it is important to carefully 
check it against the circuit diagram. 
Not only can this save considerable 
frustration at a later stage but it can 
be instrumental in preventing some 
costly mistakes. In particular, one 
should follow the positive supply 
and OV strips and check that all 
chips and other devices actually 
receive their supplies! 

The recommended technique for 
carrying out this task is simply that 
of tracing each connection in turn 
on the circuit diagram and also on 
the layout diagram. Coloured pen- 
cils should be used together with 
photocopies of the circuit and lay- 
out diagrams. 


Stripboard 


assembly 

Fortunately, the assembly of a 
stripboard prototype is usually quite 
straightforward. The first stage is to 
identify any mounting holes required (e.g. 
to accommodate pillars) and drill these 


whilst the board still offers a perfectly 
“flat” surface. Thereafter. the sequence 
used for stripboard assembly will normally 
involve mounting i.c. sockets first followed 
by transistors, diodes. resistors, capacitors 
and other passive components. 

Finally, terminal pins and links should 
be fitted before making the track breaks. 
On completion, the board should be care- 
fully checked, paying particular attention 
to all polarised components (e.g. diodes, 
transistors and electrolytic capacitors). 


Printed circuit 


layout 

Whilst stripboards provide a fast and 
efficient means of assembling prototype 
and “one-off circuits, many readers will 
doubtless wish to produce their circuits 
using printed circuit boards. This tech- 
nique is particularly appropriate where 
several boards are to be produced or when 
a breadboard circuit is to be turned into a 
final "production board". 

Printed circuit boards (p.c.b.s) comprise 
copper tracks bonded to an epoxy glass or 
synthetic resin bonded paper (SRBP) 
board. The result is a neat and professional 
looking circuit. Furthermore, printed cir- 
cuits can easily be duplicated or modified 
from original master artwork and the 
production techniques are quite simple and 
should thus not deter the enthusiast 
working from home. 

There are two methods which can be 
used for laying out a printed circuit board; 
manual and computer aided. The former 
technique runs along the same lines as 
that employed for layout of stripboards 
with the important exception that the con- 
straints in having conductors which only 
align in one direction no longer applies. 

Where a computer aided design package 
is available, this can considerably simplify 
the process of producing printed circuit 
board artwork. Some of the best CAD 
packages for printed circuit design providé 
the user with component libraries. rub- 
ber-banding of connections and automatic 
track routing together with a choice of 
track widths and pad shapes. Some of 
these packages (notably those designed for 
professional use) are expensive but some 
are now very reasonably priced. 

Anyone who intends to regularly 
produce printed circuit boards is strongly 
advised to consider the packages that are 
available. Furthermore, it is not essential 
to have a plotter as acceptable results can 
be produced using an ordinary dot matrix 


Example of p.c.b. layout, these boards are part of the Disco Lights Controller, the 
Teach-In project published in the July '91 issue. 


printer to produce the master artwork from 
which transparencies for photo-etching are 
produced. 

The following steps should be taken 
into consideration (along with those pre- 
viously mentioned under "Stripboard lay- 
out"): 

(a) When manually designing printed 
circuits and unless the design makes 
extensive use of p.c.b. edge connec- 
tors, it is worth ensuring that a 
common OV foil is run all round the 
periphery of the board. This offers 
a number of advantages not the 
least of which is the fact that it will 
be then be relatively simple to find a 
route to the OV rail from almost 
anywhere on the board! 

(b) When mounting the p.c.b. (and par- 
ticularly if it is to be secured using 
metal bolts and threaded spacers) 
you may also wish to ensure that 
the holes are coincident with the 0V 
foil. Alternatively, where the OV rail 
is not to be taken to chassis ground, 
it will be necessary to ensure that 
the p.c.b. mounting holes occur in 
an area of the p.c.b. which is clear 
of foil. 

(c) Track widths should be chosen in 
relation to the current which is 
expected. The following should 
provide a rough guide: 


Current Minimum 
(d.c. or r.m.s. a.c.) track width 


less than 5,00mA 0.6mm 
500mA to 1.5A 1. 6mm 
1.5A t03A 3.0mm 
3A to 6A 6.0mm 


(d) As a general rule of thumb. the 
width of the OV track should be at 
least TWICE that used for any 
other track. 

(e) Conductors which will be handling 
high voltages (i.e. those in excess 
of 150V d.c. or 100V r.m.s. a.c.) 
must be adequately spaced from 
other tracks. The following should 
provide a rough guide: 


Voltage between Minimum track 


adjacent conductors spacing 
(d.c. or peak a.c.) 

less than 150V 0.6mm 
150V to 300V 1.6mm 
300V to 600V 2.5mm 
600V to 900V 4.0mm 


i MÀ 


(f) Identify the point at which the 
principal supply rail is to be con- 
nected. Employ extra wide track 
widths (for both the OV and supply 
rail) in this area and check that 
suitable decoupling capacitors are 
placed as close as possible to the 
supply. Check that other decou- 
pling capacitors are distributed at 
strategic points around the board 
(as for the stripboard layout proce- 
dure). 

(g) Fill unused areas of p.c.b. with 
“lands” (areas of foil which should 
be linked to OV). This helps ensure 
that the OV rail is effective as a 
common rail. minimises use of the 
“etchant”, helps to conduct heat 
away from heat producing com- 
ponents, and furthermore, is essen- 
tial in promoting stability in high- 
frequency applications. 
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(h) Lay out the OV and positive sup- 
ply rails first. Then turn your at- 
tention to linking to the pads or 
edge connectors used for connect- 
ing the off-board components. Min- 
imise. as far as possible, the number 
of links required. Do NOT use links 
in the OV rail and avoid using them 
in the positive supply rail, 

(i) Be aware of the pin spacing 
used by components and try to 
keep this consistent throughout. 
With the exception of the larger 
wirewound resistors (which should 
be mounted on ceramic stand- 
off pillars) axial lead components 
should be mounted flat against the 
p.c.b. (with their leads bent at right 
angles). Axial lead components 
should NOT be mounted vertically! 

() Minimise track runs as far as pos- 
sible and maintain constant spac- 
ing between parallel runs of track. 
Corners should be radiused and 
acute internal and external angles 
should be avoided. In exceptional 
circumstances, it may be necessary 
to run a track between adjacent 
pads of a d.i.l. integrated circuit. In 
such cases, the track should not be 
a common OV path neither should it 
be a supply rail! 

(k) Finally, don't forget that tracks 
may be conveniently routed 
beneath other components. Supply 
rails. in particular can be routed 
between opposite rows of pads of 
d.i.l. integrated circuits; this permits 
very effective supply distribution 
and decoupling. 

As with stripboard layouts, it is well 
worth devoting some time to checking the 
final draft p.c.b. layout before starting on 
the master artwork. Again, this can be 
instrumental in saving much agony and 
soul searching at a later stage! 


Printed circuit 


board assembly 

Several methods can be used for 
prototype arid small-scale production of 
printed circuit boards including the use of 
etch resist drawing pens and transfers 
applied directly to the copper surface 
coating. The most versatile method, 
however, involves producing a il 
transparency (from the orginal master 
artwork generated by a CAD package or 
from transfers of pads linked by 
hand-drawn tracks). This positive master 
transparency is used in conjunction with 
copper clad board which is coated with a 
photosensitive film. 

The board is exposed under an 
ultraviolet light source (the positive master 
transparency is placed on top of the board 
whilst it is exposed). Small ultraviolet light 
units are available which permit exposure 
of boards measuring 250mm x 150mm 
whilst larger units are suitable for boards 
of up to 500mm x 350mm. The more 
expensive exposure units are fitted with 
timers which can be set to determine the 
actual exposure time. Low cost units do 
not have such a facility and the operator 
has to refer to a clock or wristwatch in 
order to determine the exposure time. 

In use, the 1:1 master artwork (in the 
form of opaque transfers and tape on 
translucent polyester drafting film) is 
placed on the glass screen immediately in 
front of the ultra-violet tubes (taking care 
to ensure that it is placed so that the 


component side is uppermost). The opaque 
plastic film is then removed from the 
photo-resist board (previously cut roughly 
to size) and the board is then placed on top 
of the film (coated side down). The lid of 
the exposure unit is then closed and the 
timer set (usually for around four minutes. 
but see individual manufacturer's recomen- 
dations). The inside of the lid is lined with 
foam which exerts an even pressure over 
the board such that it is held firmly in place 
during the exposure process. 

The specially coated copper board 
(in common with most photographic 
materials) has a finite shelf-life. Boards 
should be stored in a cool place at a 
temperature of between two degres C and 
10 degrees C. The shelf-life of boards is 
limited to around 12 months when stored 
at a temperature of 20 degrees C and thus 
boards should be used as quickly as 
possible after purchase. 


Alternative method 

If the outlay associated with the purchase 
of a dedicated ultraviolet light box is some- 
what daunting. readers may like to know 
that it is not absolutely essential to have 
access to an ultra-violet light box since we 
all have occassional access to an entirely 
free source of ultraviolet light! Provided 
one is prepared to wait for a sunny day and 
prepared to experiment a little, boards can 
be exposed under ordinary sunlight. 

As a guide. and with the full sun present 
overhead. exposure will take around fif- 
teen minutes. Alternatively. one can make 
use of a sun-ray lamp. Again. some ex- 
perimentation will be required in order to 
get the exposure right. With a lamp placed 
approximately 300mm from the sun ray 
source (and arranged so that the whole 
board surface is evenly illuminated) an ex- 
posure time of around four minutes will be 
required. 

Note that, if you use this technique. it 
is important to follow the sun-ray lamp 
manufacturer's instructions concerning eye 
protection. A pair of goggles or dark 
sunglasses can be used to protect the 
eyes during the exposure process however 
one should NEVER look directly at the 
ultraviolet light source even when it is 
"warming up! 

It must be stated that neither of the 
foregoing techniques is suited to anything 
other than the casual “one-off produc- 
tion of printed circuit. boards. One fur- 
ther option for the d.i.y. enthusiast is that 
of constructing a purpose built ultraviolet 
light box using low-power ultraviolet tubes. 
Whichever method of exposure is used some 
experimentation may be required in order to 
determine the optimum exposure time. (4 
UV Exposure Unit design will be published in 
EE next month — Ed). 


Development 

After this time has elapsed, the board 
should be removed and immersed in a 
solution of sodium hydroxide which acts as 
a developer. The solution should be freshly 
made and the normal concentration re- 
quired is obtained by mixing approxi- 
mately 500ml of tap water (at 20 degrees C) 
with one tablespoon of sodium hydroxide 
crystals. 

A photographic developing tray (or simi- 
lar shallow plastic container) should be 
used to hold the developer. Note that 
care should be taken when handling the 
developer solution and the use of plastic or 
rubber gloves is strongly recommended! 
This process should be carried out im- 
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mediately after exposure and care should 
be taken not to allow the board to be 
further exposed under room lights. 

Whilst immersed in the developer, the 
board should be gently agitated and the 
surface of the board carefully watched. The 
board should be left for a sufficiently 
long period for the entire surface to be 
developed correctly but not so long that the 
tracks start to lift. 

Development times will depend upon 
the temperature and concentration of the 
developer and on the age of the sensitised 
board. Normal development times are in 
the region of 30 to 90 seconds and after this 
period the developed image of the track 
layout (an etch-resist positive) should be 
clearly seen 

After developing the board it should be 
carefully washed under a running tap. It 
is advisable not to rub or touch the board 
(to avoid scratching the surface) and the jet 
of water should be sufficient to remove all 
traces of the developer. 


Etching 

Finally, the board should be placed in 
the etchant which is a ferric chloride solu- 
tion (FeCl:). For obvious reasons. ferric 
chloride is normally provided in crystalline 
form (though at least one major supplier is 
Prepared to supply it on a “mail order 
basis” in concentrated liquid form!) and 
should be added to tap water (at 20 degrees 
C) following the instructions provided by 
the supplier. If no instructions are given, 
the normal quantities involved are 750ml 
of water to 500g of ferric chloride crystals. 

Etching times will also be very much 
dependant upon temperature and con- 
centration but, for a fresh solution warmed 
to around 40 degrees C the time taken 
should typically be ten to fifteen minutes. 
During this time the board should be 
regularly agitated and checked to ascertain 
the state of etching. 

The board should be removed as soon 
as all areas not protected by resist have 
been cleared of copper; failure to observe 
this precaution will result in "undercut- 
ting” of the resist and consequent thin- 
ning of tracks and pads. Where thermo- 
statically controlled tanks are used, times 
of five minutes, or less, can be achieved 
when using fresh solution. 

Great care should be exercised when 
handling ferric chloride. Plastic or rubber 


gloves should be worn and care must be 
taken to avoid spills and splashes. After 
cooling, the ferric chloride solution may be 
stored (using a sealed plastic container) for 
future use. In general, 750ml of solution 
can be used to etch around six to ten 
boards of average size; the etching process 
taking longer as the solution nears the end 
of its working life. Finally. the exhausted 
solution must be disposed of with care — it 
must not be poured into an ordinary main 
drainage system. 


Drilling 

Having completed the etching process 
the next stage involves thoroughly wash- 
ing, cleaning. and drying the printed circuit 
board. After this, the board will be ready 
for drilling. Drilling will normally involve 
the services of a 0.6mm or Imm twist drill 
bit for standard component leads and i.c 
pins. Larger drill bits may be required for 
the leads fitted to some larger components 
(e.g. power diodes) and mounting holes. 

Drilling is greatly simplified if a special 
p.c.b. drill and matching stand can be 
enlisted. Alternatively. provided it has a 
bench stand, a standard electric drill can be 
used. Problems sometimes arise when a 
standard drill or hand drill is unable to 
adequately grip a miniature twist drill bit 
In such cases one should make use of 
a miniature pin chuck or a drill fitted 
with an enlarged shank (usually of 2.4mm 
diameter) 

Having dealt with the manufacture of 
circuit boards, it is worth considering two 
further items which are important in the 
production of a finished item of electronic 
equipment: connectors and enclosures. 


Connectors 

Connectors can be categorised in various 
ways however the circuit designer will 
probably be concerned with the following 
types: 

(a) Mains connectors which are in- 
tended for use in conjunction 
with the a.c. mains supply. Stan- 
dard IEC connectors (with integral 
fuses and/or filters as appropriate) 
should be used whenever possible. 

(b) Single-pole connectors of the 2mm, 
3mm or 4mm variety should be used 
for test leads at d.c. and low fre- 
quencies and also for the outputs 
of bench d.c. power supplies. Where 


Two Maplin PC prototype cards designed to plug into PC expansion slots. 
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necessary. connectors can be colour 
coded to indentify polarity, etc. 

(c) DIN audio connectors (3-way, 
5-way, 7-way etc). These are ideal 
for use with audio equipment 
but also make excellent low-cost 
general purpose connectors. 

(d) Multi-pole connectors for p.c.b. 
and stripboard connection. These 
include the popular DIN4[612 
types (having 32, 64 or 96 ways) 
which are highly recommended for 
cards mounted in frames. 

(e) D-connectors. These are commonly 
associated with computers and are 
available in 9. 15, 25. and 37-way 
versions. 

(f) IDC connectors for solderless ter- 
mination of ribbon cables. These 
connectors are ideal for linking 
printed circuit boards together but 
can also be used in many other 
applications in which a large num- 
ber of connections are required. 

(g) Coaxial connectors (BNC, 
PL259/S0239. etc). These 
connectors are used in conjunction 
with screened cables. BNC 
connectors can be used reliably at 
frequencies up to 4GHz (note that 
they are available in both 50 ohm 
and 75 ohm varieties) whilst the 
PL259/SO239 combination (also 
known as “UHF” connectors) are 
only fully rated at up to 250MHz. If 
you need a cheap and simple 
coaxial connection, the humble TV 
connector (Belling-Lee connector) 


is quite suitable for use at 
frequencies up to 800MHz in 
systems which exhibit a 75 ohm 
impedance. 
Enclosures 


Enclosures not only provide protection 
for electronics equipment but should also 
add to its functionality and attractiveness. 
As with connectors, there are a number of 
types to consider: 

(a) Instrument cases which are ideal for 
small items of test gear (such as 
meters) and are available in a 
variety of styles and sizes. Such 
enclosures are generally manufac- 
tured from plastic (ABS) but may 
be fitted with metal front and/or 
rear panels. Larger instrument 
cases have sufficient size to 
accommodate power transformers 
and are thus ideal for building 
power supplies, amplifiers, etc. 

(b) Plastic and diecast boxes. These 
enclosures comprise a box with 
removable lid secured by means of 
four or six screws. Boxes are avail- 
able in a range of sizes and the 
diecast types (which are ideal for 
use in hostile environments) are 
available both unpainted and with 
a textured paint finish. 

(c) Rack systems designed to accept 
standard cards (e.g. Eurocards). 
These are ideal for modular 
projects but are relatively expen- 
sive. Outer cases comprise an 
aluminium framework fitted with 
covers which may be fitted with an 
internal card frame comprising a 
series of connectors at the rear from 
which the modules derive their 
power and by means of which they 
exchange signals. 

Individual circuit cards (which 
may be stripboard or p.c.b.) are 
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fitted to a small supporting chassis 
and anodised aluminum front panel 
(available in various widths). The 
card assembly slides into the rack 
using appropriately positioned clip- 
in guides. 

(d) Desk consoles represent the most 
attractive (and probably the most 
expensive) method of packaging 
electronic equipment. Desk console 
enclosures are intended for desktop 
equipment and generally have slop- 
ing surfaces which are designed for 
mounting keyboards and keypads. 

When deciding upon which type of 
enclosure is required, it is important to 
consider a number of factors including 
size, physical construction, ventilation and 
dimensions of the front panel (which must 
be sufficient to mount the various controls 
and indicators regujred). 

In any event. careful consideration 
should be given to the layout of the 
controls and indicators. The front panel 
layout should be logical and controls with 
related functions should be grouped to- 
gether and clearly labelled. Consideration 
should also be given to the type of 
controls used (e.g. slider versus rotary 
potentiometers, push-button versus toggle 
switches, etc). 

Furthermore, it is important to connect 
controls so that their action follows the 
expected outcome. Rotary “gain” and 
"volume" controls. for example. should 
produce an increase in output when turned 
in a clockwise direction. Indicators should 
operate with adequate brightness and should 
be viewable over an appropriate angle. 

Indicators and controls should be ar- 
ranged so that it is possible to ascertain the 
status of the instrument at a glance. If 
necessary, a number of opinions should be 
sought before arriving at a final layout 
for the front panel; one’s own personal 
preferences are unlikely to coincide exactly 
with those of the “end user"! 


Further projects 
Readers who have followed the series 

this far may now be looking for some fur- 

ther projects to test out their skill as circuit 
designers. Here are just four ideas for fur- 
ther development: 

1. A high current 12V to 13.5V stabilised 
power supply based on an LM338K (or 
similar) regulator (see Part 1). Fig. 1.16 
could make a starting point. 

2.A high-power, high-quality stereo 
amplifier based on the high quality 
power amplifier module but modified for 
a MOSFET output stage Maplin's 
MOSFET power amplifier kit (LWSIF) 
should provide you with a few clues! 

3. A low-distortion audio signal generator 
based on the stabilised Wien bridge 
oscillator shown in Fig. 4.10. The circuit 
would benefit from a low-power output 
stage so that it can drive a low im- 
pedance load (Fig. 3.19). 

4. An improved optical communication 
system in which pulse-width (rather than 
amplitude) modulation is employed. A 
pulse width modulator can be con- 
structed around a 555 timer and the 
demodulator could feature a 567 phase- 
locked loop i.c. 


Readers’ feedback 


Many of you have taken the time to 
write with suggestions and queries based 
on the series. The following points made by 
readers are worthy of a wider audience and 
thus | have included them in this final part. 
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Coil winding 
nomograph 

Andrew Ross writes from Worcestershire 
pointing out some discrepancies between 
the coil data published in Part 7 and that 
given in the Radio Designer's Handbook. 
Unfortunately. Andrew. the reason for the 
worrying difference in results when apply- 
ing the formula in the Radio Designer's 
Handbook and when using the nomograph 
(Fig. 7.27) are simply due to the fact that 
| stupidly marked the wire gauges incor- 
rectly! To put the record straight. the fol- 
lowing changes should be made to Fig. 
7.27: 


Existing marking Corrected marking 


265. w.g. 46 s.w.g. 
24 s.w.g. 40 s.w.g. 
22 s.w.g. 34 s.w g. 
20 s.w g. 26 s.w.g. 


I sincerely apologise for any problems this 
may have caused! 


More stripboard 
layouts 


Mr Parkinson writes from South 

Yorkshire to make a plea for more 
information concerning stripboards. Mr 
Parkinson writes: 
"I feel that at least some of the projects 
ought to have been shown laid out on strip- 
board. It would then have cost less to build 
the projects, modifications would also have 
been more easily possible. 1 am sure that 
youngsters following the series have to count 
their coppers before deciding to go ahead 
with a project, just as Ido.’ 

Mr Parkinson has made an interesting 
point and one which gave rise to a little 
sou! searching when I first put together 
an outline for the series. | know that 
beginners do have problems with strip- 
boards (it is probably easier to make 
mistakes when wiring a stripboard layout 
than with a printed circuit). | can speak 
with some experience on this point 
having spent many frustrating hours trying 
to help GCSE Electronics students get their 
projects working only to find that they 
have missed a single all-important track 
break! 

In any event, perhaps the pointers given 
in this article will help some of those who 
do have to work on a restricted budget get 
their own circuits laid out on stripboards. 
In fact. 1 regularly use this form of con- 
struction myself! 


Oscillator design 

Mr F. Clifford writes from South Africa 
with some interesting information on the 
design of oscillators. Mr Clifford writes: 
"At the start of the war I was working on 
RC filters and realised that they could form 
the frequency determining network in os- 
cillators. I used a small electric light bulb 


for the amplitude stabiliser and a Vien net- 


work somewhat similar to that shown by Mr 
Tooley. I took out UK patents on this oscil- 
lator around 1944 when I was less busy and 
showed that equal values for the capacitors 
and resistors, as shown in Mr Tooley's Figs. 
4.8, 4.9 and 4.10, do not provide the best 
frequency stability. 

The frequency stability of RC oscillators 
is not as good as LC types because the 
operating O value is much lower thus 
increasing the level of the fed-back har- 
monics. In the case of single circuit L-C 


oscillators and RC types these signals are 
shifted by nearly 90 degrees relative to the 
fundamental which is the worst case for 
frequency. stability. 1 have taken our UK 
patents on LC oscillators that avoid this 
trouble. 

The parallel T networks shown in Figs. 
4.11 and 4.12 are equivalent to what we call 
a full Vien network where RI and R2 in Fig. 
4.8 are replaced by R in parallel with C and 
R in series with C respectively. With the 
values shown in Fig. 4.12, no oscillation can 
occur and, with respect. 1 suggest that it 
would have been better to have omitted the 
component labelling. 

It would appear that there are errors in the 
values of the components shown in Fig. 4.13 
and the transistor is saturated. Thus RI and 
R2 should be around 470k and not 47k and 
the other components amended suitably. 

We usually use the parallel T network in 
the negative feedback path of the maintain- 
ing amplifier and arrange for the positive 
feedback to be applied through an amplitude 
stabiliser, a simple matter if an operational 
amplifier is used.” 

Thank you Mr Clifford for making these 
interesting points and for throwing some 
light on the history of the twin-T and Wien 
(Vien) oscillators. In my defence, I must 
say that I have not found the twin-T oscil- 
lator to be particularly critical concerning 
component values although I would cer- 
tainly agree with the points which Mr Clif- 
ford makes concerning stability. 

That said, the circuit of Fig. 4.13 cer- 
tainly does work! The transistor is not 
saturated (despite the relatively low value 
of RI and R2 resistors - perhaps all my 
BC109 transistors exhibit unusually low 
current gain?). 

It should be noted that the values of Cl 
to C4 in the module have been all made 
equal in order to assist readers in obtaining 
the necessary components and, in fact. C3 
and C4 in series result in a somewhat 
different set of conditions when compared 
with those in Fig. 4.12 (in which the shunt 
element is 2C). | am not sure whether any 
other reader has experienced difficulties 
with this circuit but I have not, as yet, 
received anything to indicate that this 
circuit is not functional! 


Audio circuits 


reference 

Stan Taylor writes from Birmingham 
to ask for some suggestions and further 
circuits. Like many readers, Stan is in- 
volved with designing audio amplifiers and 
preamplifiers and is keen to further develop 
some of the circuits provided in Part 3 
of the series. One of the best all-round 
reference books is lan Sinclair's Audio 
Electronics Reference Book (BSP Profes- 
sional Books ISBN 0-632-01929-8) and this 
would be well worth acquiring, or borrow- 
ing from your local library. 


Assessment test 


The following multiple choice as- 
sessment test has been designed for 
readers who may. at the conclusion of 
our series, welcome the opportunity to 
assess their understanding of the series 
as a whole. The test comprises twenty 
multiple-choice questions (note that 
there is only one correct answer to 
each question): 
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ASSESSMENT TEST 


A low-voltage d.c. power supply is 
to provide an output of 1A at 20V. 
Which one of the following rectifier 
$pecifications is most appropriate 
for use in this application? 


Maximum forward Maximum reverse 


current voltage 
em VRRM 


(a)0.5A 50V 
(b) 1.0A 50V 

(c) 2.04 100V 
(d) 4.0A 200V 


2. A power supply has to provide 


positive and negative power rails 
rated at +12V, 0.75A and -12V. 
0.75A. Which one of the following 
regulator types is most appropriate? 


(a) 7805 and 7905 
(b) 7812 and 7912 
(c) 2xLM723 
(d) 2x 200 


. The purpose of a crow-bar circuit in 


a power supply is to: 


(a) limit the input voltage to a safe 
value 

(b) limit the input current to a sale 
value 

(c) limit the output voltage to a safe 
value 

(d) limit the output current to a safe 
value. 


. A typical value for the output im- 


pedance of a bench power supply is: 


(a) 0.1 ohm 
(b) lO ohm 
(c) lkilohm 
(d) 100kilohm 


. Which one of the following transis- 


tor amplifier configurations provides 
high voltage gain coupled with a low 
input impedance? 


(a) common base 

(b) common collector 
(c) common emitter 
(d) emitter follower. 


. Which one of the following refers 


lo the properties of an operational 
amplifier? 


(a) very low input impedance and 
very low voltage gain 

(b) very low input impedance and 
very high voltage gain 

(c) very high input impedance and 
very low voltage gain 

(d) very high input impedance and 
very high voltage gain. 


.An amplifier has a large amount 


of negative feedback applied. Which 
one of the following statements is 
correct 


(a) Its gain and bandwidth will 
both be reduced 

(b) Its gain will be increased and its 
bandwidth reduced 
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(c) Its gain will be reduced and its 
bandwidth increased 

(d) lts gain and bandwith will both 
be increased. 


. Non-linearity at the zero-axis cross- 
ing point in a power amplifier results 
in: 


(a) noise 

(b) instability 

(c) low gain 

(d) cross-over distortion. 


. One of the principal advantages of 
MOSFET power trarísistors for use 
in the output stages of an audio 
amplifier is: 

(a) immunity from thermal 

runaway 

(b) negligible supply current re- 

quired 

(c) ability to work without a driver 

stage 

(d) complete freedom from distor- 

tion and instability. 


10. The high frequency response of 
an inverting operational amplifier 
stage can easily be "rolled off by 
connecting a capacitor of ap- 
propriate value: 


(a) in series with the inverting input 

(b) in series with the non-inverting 
input 

(c) between the output and invert- 
ng input 

(d) between the output and non-in- 
verting input. 


11. The output of an single operational 
amplifier supplied in an 8-pin dual- 
in-line package is usually: 


(a) pin-l 
(b) pin-2 
(c) pin-3 
(d) pin-6 


12. The output from the collector of a 
blocking oscillator comprises: 


(a) asine wave 

(b) a triangle wave 

(c) a train of pulses 

(d) a positive going ramp. 


13. The output frequency of a C-R lad- 
der oscillator is: 


(a) directly proportional to the 
ratio, C/R 

(b) inversely proportional to the 
ratio, C/R 

(c) directly proportional to the 
product of C and R 

(d) inversely proportional to the 
product of C and R. 


14. The output of a two-input NAND 
gate is only a logic O when: 


(a) both inputs are logic 0 

(b) both inputs are logic I 

(c) input A is at logic | and input B 
is at logic O 


(d) input A is at logic 0 and input B 
is at logic |. 


15. The normal supply voltage range 
fora TTL gate is in the range: 


(a) 3Vto ESV 
(b) SVtolSV 
ic) 9Vto I2V 
(d) 4.75V to 5.25V. 


16. The typical value of high state 
source current from the output of a 
standard TTL logic gate is: 


(a) 404A 
(b) 1.6mA 
(c) 4mA 
id) l6mA 


17. An integrated circuit is marked 
“4069BE". The device is: 


(a) astandard TTL device 
(b) a buffered TTL device 
(c) astandard CMOS device 
id) a buffered CMOS device. 


18. The monostable output period of à 
555 timer with timing components 
C and R is: 


(a) directly proportional to the 
ratio. C/R 

jb) inversely proportional to the 
ratio, C/R 

(c) directly proportional to the 
product of C and R 

(d) inversely proportional to the 
product of C and R. 


19. The normal intermediate frequency 
(i.f.) for an a.m. receiver is in the 
range: 


(a) 150to 170kHz 
(b) 450 to 470kHz 
(c) 550 to 570kHz 
(d) 950 to 970kHz. 


20. The typical gate trigger voltage for 
a thyristor is in the range: 


(a) 0.5V to 1.5V 
(b) 1.5Vto3V 
(c) 3Vto 5V 
(d) SV to 18V 


Answers are given on 
the next page 


Scores: 


If you scored 16 or more, you are 
already well on the way to designing 
your own circuits! A, score of II to 
15 indicates that you already have a 
good grasp of many of the principles 
of electronics but there may be a few 
gaps in your knowledge worth “brush- 
ing-up” on. If you scored 10, or less, 
then it would be worth checking your 
answers against the relevant parts of 
our series. You should find all of the 
answers and underlying theory in the 
text. 
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Further Reading 

For those readers who would welcome 
the opportunity of following the series up 
(and for whom a conventional course of 
study at a Further Education college may 
not be feasible). the following books are 
recommended as the basis for further read- 
ing and experimentation: 
Analog Electronics, by lan Hickman, 
Heinemann Newnes, ISBN 0-434-90723-5. 
This is an excellent book for those wishing 
to specialise in the design and development 
of analogue circuits. The book contains a 
wealth of practical tips (including a chapter 
entitled “Tricks of the Trade") and has a 
series of very useful appendices. 
Logic Designer’s Handbook by E. A. Parr, 
BSP Professional Books, ISBN 0-632- 
02024-5. This is an invaluable book for 
anyone concerned with the design of digital 
circuits. The book develops several of the 
topics which have been introduced in this 
series. Highly recommended. 
The Art of Electronics, by Horowitz and 
Hill. Cambridge University Press. This 
book must be considered essential reading 
for anyone involved with electronics at any 
level! The book is probably the most 
comprehensive source book of electronic 
design theory available. 
The Maplin Electronic Circuits Handbook, 
Mike Tooley, Butterworth-Heinemann, 
provides an inexpensive introduction to 
electronic circuits and further develops 
many of the themes introduced within this 
series. Sections are included on Computer 
Interfacing, Test Equipment, Soldering and 
De-soldering and a variety of practical 
projects (supported by kits and printed 
circuit boards available from Maplin 
Electronics) are included. 


In conclusion 

This ten part series has aimed to provide 
readers with a broad introduction to 
electronic circuit design. If you have 
followed the series over the past ten 
months, or so, then I sincerely hope that 
you have found it useful and that you have 
already embarked on "designing your own 
circuits". 

Finally. 1 would like to extend sincere 
thanks to all those readers, too numerous 
to mention, who have written (or tele- 
phoned!) with commenis, suggestions and 
advice. Please forgive me if you have not 
always received a written reply to your 
letters — hopefully I have, by now, covered 
all of the points which you have raised. 


Answer to last 
month's design 
problern: 


An automatic porch light is to operate up 
to 300W of mains lighting whenever the 
ambient light level falls below a pre-set 
threshold point. Devise a suitable circuit 
arrangement based on an LDR and solid- 
state relay. 

One solution to last month's design 
problem is shown in Fig. 10.1. 
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Index to modules 

For the benefit of those readers who may only recently have discovered our series, the 
following list briefly describes the modules which have been described (each module is 
provided with a full component list and printed circuit board): 


Title Part Function/specification 


Dual output power l 
supply module 


723 variable power | 
supply module 


L200 variable power l 
supply module 


General purpose transistor 2 
amplifier module 


General purpose 2 
operational 
amplifier module 


High-guality power 3 
amplifier module 


TBA820 i.c. amplifier 3 


Sine wave oscillator 4 
8038 waveform 4 
generator 


Digital counter module 5 


General purpose 6 
timer module 


RF amplifier module 7 


Solid-State switch 8 
module 
Light sensitive 9 


switch module 


Dual + 5V, +12V or + 15V regulated 
power supply rated at | À max. output 


Single variable output of -- 2V to -- 37V at up to SA max. 
Output voltage and current limit are set by means of pre: 
set controls. 


Single variable output of +2.7V to +35V at up to 2A 
max. Inutput voltage and current limit are set by means of 
variable controls. 


Pre-defined voltage gain and frequency response. Low/ 
medium input impedance, low output impedance. Re- 
quires a single 9V d.c. supply at 2mA nominal. 


Pre-defined voltage gain and frequency response. Two 
stages may be used independently (e.g. for stereo 
operation) or connected in tandem. Requires a dual sup- 
ply of between +5V and € 15V at 10mA nominal. 


Fixed gain medium/high power class AB audio amplifier 
capable of operating with very low distortion. Recom- 
mended load impedance 8ohm. Requires a dual supply of 
between € 12V and x 20V at up to2A. 


Versatile i.c. low/medium power for general purpose ap- 
plications. Requires a single supply rail of between + SV 
and + 15V 


Low distortion sine wave oscillator capable of providing 
outputs over the range 50Hz to SOkHz. Frequency and 
amplitude adjustable. Requires + 12V to + 15V supply at 
10mA (nominal). 


Provides sine, square and triangle outputs adjustable 
the range 0.01 Hz to 20kHz. Requires + 9V supply 
atlOmA. 


Single stage decade counter with seven-segment l.e.d. dis- 
play. Standard TTL input levels. Requires + 5V supply at 
90mA. 


Astable or monostable mode timer circuit configured by, 
wire links. Extenal trigger (both a.c. and d.c.) and reset 
inputs. Output up to 12V at 200mA. Requires a single 
supply rail of between +5V and + ISV. 


High gain r.f. amplifier module which can be used in a 
variety of applications, including receivers (both TRF and 
superhet) and test equipment. Requires a single supply rail 
of +9V. 


Solid-state switch capable of controlling a.c. mains loads 
rated at 240V IkW maximum. The switch operates from 
an input of less than LOOWA and requires a supply of be- 
tween 5V and 24V. 


Light sensitive switch capable of controlling loads rated at 
up to 280W at 28V d.c. or 1.2kVA at 240V a.c. The circuit 
may be configured for operation on either increasing or 
decreasing light levels. Requires a supply of between 10V 
and ISV and requires ImA (standby), 60mA (operating) 
when operating from a 12V supply. 


LP1 
IC1 300W (MAX) 
MOC3041 2n 


Fig. 10. Answer to last months 
design problem. 
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Constructional Project — 


72V 


LAMP DIMME, 


T. R. de VAUX-BALBIRNIE —— 


A touch ofluxury for caravans and 


boats. Controls up to 2OW of flament 


lamp lighting. 


HE DIMMER circuit described here 

} serves the same purpose for low- 

voltage lighting as the familiar mains 
dimmer switch used at home. It may thus 
be used for dimming filament lamps used in 
caravan table and bunk lights operating 
from a 12V d.c. (car battery) supply. Bulbs 
up to 20W rating may be used (for example 
2 off 10W bunk lights connected in 
parallel) but note that this circuit is NOT 
suitable for dimming fluorescent lights. 

The unit is built in a small aluminium 
case with the brightness contro! knob 
mounted on the end panel. The on-off 
switch is part of the brightness control so 
that the unit switches on when the knob is 
moved from its rest position. Alternatively, 
a Separate on-off switch could be used. 

The unit may be mounted "in-line" 
which would be appropriate to table lamps, 
or built into a cupboard with only the 
control knob showing, This method would 
be suitable for bunk lights. Although the 
main purpose of the circuit is to provide a 
touch of luxury to caravan and boat lights, 
there is also a bonus in terms. of energy 
saving. 


HOW IT WORKS 

Although the 12V Lamp Dimmer be- 
haves like a dimmer switch used for mains 
lighting, the circuit is very different. This 
is because household dimmer switches use 
a high-voltage a.c. (alternating current) 
supply while the present one operates 
from a low-voltage d.c. (direct current) 
source. 

The most obvious way of dimming a 
lamp is to connect it in series with a bat- 
tery and variable resistor (potentiometer), 
see Fig.l. With the sliding contact (w) at 
the bottom of the track (Fig.1a) the vari- 
able resistor presents virtually no resis- 
tance to the circuit and the lamp operates 
at full brightness. When the sliding con- 
tact is at the top of the track (Fig. 1b) the 
variable resistor has maximum resistance 
and the lamp will then operate at mini- 
mum brightness. 

Intermediate positions of the sliding 
contact would provide varying degrees of 
brightness. When used in this way, a 
variable resistor is often called a rheostat. 

Although this idea is sometimes used 
for dimming car dashboard lights and was 
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used until fairly recently for dimming 
high-power stage lighting, it is a poor 
method. This is because the variable 
resistor becomes hot in operation and not 
only does this waste power, but the heat 
must be dissipated into the air without 
doing any harm. Old stage lighting hands 
often tell stories of frying eggs on the 
dimmer casings. 

The 12V Lamp Dimmer circuit operates 
instead by switching the supply to the 
bulb on and off rapidly. By using a 
frequency faster than the human eye can 
follow, the lamp does not appear to 
flicker. 

By adjusting the ratio of "off" to "on" 
times, the degree of dimming may be con- 
trolled. Thus, if the supply is on nearly 
all the time, the lamp will appear at full 
brightness and when off for most of the 
time it will be very dim. The advantage 
of using this method is that little power 
is wasted and the excess heat which is 
produced is easily removed. 


BATTERY 
VARIABLE 
RESISTOR 


BATTERY 


VARIABLE E 
RESISTOR 


Fig. 1(a). Sliding contact (w) bottom 
of track (low resistance) - full bright- 
ness and (b) top of track (high resis- 
tance) minimum brightness. 


CIRCUIT 
DESCRIPTION 


The full circuit diagram for the 12V 
Lamp Dimmer is shown in Fig.2. ICI is a 
555 timer integrated circuit which is con- 
nected here as an astable multivibrator. 

With double-pole switch S1 on, a supply 
is established from the 12V battery, Bl, 
through fuse, FS], to the rest of the cir- 
cuit. The purpose of capacitors C3, C4 
and radio-frequency choke, L1 will be ex- 
plained later. 

With power supplied, IC1 output, pin 3 
switches repeatedly between high and low 
states (that is, it switches on and off) at a 
rate dependent on the values of fixed resis- 
tors R3 and R2, potentiometer VR2 and 
capacitor, C] (RI and VR! may be ignored 
for the moment). Additionally, and more 
importantly, the ratio of "on" to "off" time 
(called the mark to space ratio), varies with 
the adjustment of VR2. 

With the values specified, the mark to 
space ratio varies between approximately 
100:1 (on for 100 times longer than it is off) 
and 1:20 (off for 20 times longer than it is 
on). In the first case the lamp appears at 
near full brightness while in the second, it is 
practically off. At the same time, the fre- 
quency varies between 250Hz and !.5kHz 
approximately — this is high enough for 
the light to be flicker free. 

These figüres were obtained by taking os- 
cilloscope measurements on the prototype 
unit and are only approximate. They will 
also vary to some extent from one unit to 
another due to component tolerances. 


TRANSISTOR 
DRIVER 


The output from IC! is insufficient to 
operate a filament lamp direct so transistor 
TRI acts as an amplifier for this purpose. 
TR! is actually a Darlington device and 
is normally used in audio applications. A 
Darlington is really two transistors in one 
case and has an exceptionally high current 
gain. 

The transistor drive current flows from 
ICI pin 3 through current-limiting resistor, 
R4, to the base of TRI. The transistor, 
hence the lamp LP! connected in its collec- 
tor (c) circuit, therefore switches on and off 
in sympathy with IC! output. 

In operation, there will always be a small 
voltage appearing between TRI collector 
and emitter — approximately 0.7V to 1V 
and this is "lost" as far as the lamp is 
concerned. However, there will be some 
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heat produced by TRI and this will make it 
warm especially when operating a lamp 
of the maximum specified power at full 
brightness. For this reason, the 12V Lamp 
Dimmer is built in an aluminium box 
which then acts as a heatsink. It also helps 
in reducing radio-frequency interference 
see later. 

Diode, D1, increases the range of mark 
to space ratio provided by ICI. Without 
this, the output would be limited to a 1:1 
ratio approximately that is, equal on 
an off times and this would provide only 
moderate dimming. 

The purpose of preset VR! is to set the 
minimum brightness required — this com- 
ponent, in combination with R 1, effectively 
reduces the value of VR2 by an amount 
dependent on VRI adjustment. This ad- 
justment will be made at the testing stage. 


INTERFERENCE 


It is a consequence of the rapid switching 
action of this type of circuit that some 
radio-frequency interference (r.f.i.) will be 
produced. This will be heard as clicking 
or whining sounds from a radio operating 
nearby — the frequency will vary as VR2 is 
adjusted. 

Tests on the prototype show that r.f.i. is 
only evident if the radio is tuned to a weak 
station on the long or medium waveband 
and is placed very close to the unit or to 
some of the wiring. There is no effect on 
f.m. radio or to TV reception 


COMPONENTS 


See — 


TALK 


Page 


Resistors 
R1 1M 
R2 10k 
R3 47k 
R4 2k2 
All 0.25W 5%. carbon film 


Potentiometers 
VR1 4M7 miniature preset, 
horizontal 

470k rotary carbon (lin.), 
with switch 


VR2 


Capacitors 
C1 10n polystyrene 
C2 10n ceramic 
C3,C4 22 polyester (2 off) 


Semiconductors 
D1 1N4001 50V 1A rectifier 
diode 

TIP120 npn power 
Darlington 

ICI 555 bipolar timer 


TR1 


Miscellaneous 
L1 Radio-frequency choke 
preferably toroidal 
construction (see text) 
150uH minimum 
FS1 3A 20mm fuse and chassis 
fuseholder 
TB1 3A 4-way terminal block 
S1 DPST switch, part of VR2 
Stripboard 0.1in matrix, size 9 strips x 
21 holes; aluminium case, size 102mm 
x 70mm x 38mm; plastic contro! knob 
for VR1; 3A minimum auto-type wire; 
multi-strand connecting wire; stand-off 
insulators (2 off); TO220 mounting kit 
for TR1; nut, bolts and washers; solder 


£72 


Everyday Electronics, September 1991 


| Approx cost 
| guidance only 


r- SRS 


» 


LA 
15054 
(Sea Tex} 


4 
1 
[ 
i 
! 
|| 
1 
t 
1 
' 
i 
[| 
D 
[ 
1 
! 
t 
! 
[] 
[| 
| 
I | 
| | 
I 
[| 
|| 
[ 
[ 
[ 
] 
[| 
|] 
[| 
1 
[| 
t 
-J 
c ema al 


VRI 
&M7 


— M RT iy É 5 


ut 


TRib 


S'b 
Cv) 


» 70070 E- 


Fig. 3. Stipboard component layout and details of breaks required in the underside 
copper tracks. The mounting of components inside the metal case is shown below. 
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The completed circuit board showing wiring to the 4-way terminal block and the 


fuseholder bolted to the base of the case. 


] 
8 BA,BOLT— 4! 


PLASTIC BUSH : 
TIP 2 “wr 
Mh, A 
SS S SA 


MICA WASHER 
ALUMINIUM PANEL 
8B.A. NUT 


Germ) 


Fig. 5. Method of mounting the tran- 
sistor in the case is accomplished by 
using an insulating mounting kit. The 
transistor is mounted on the base of the 
case. 


Capacitors C3 and C4 in conjunction 
with the radio-frequency choke. Ll, are 
suppression components which help to 
reduce rf.i. To save costs, it would be 
possible to make L instead of using a 
ready-made component. To do this, wind 
50 turns of 20s.w.g. enamelled copper wire 
on to a short piece of ferrite rod or, better, a 
ferrite ring. 


CONSTRUCTION 


The prototype 12V Lamp Dimmer was 
based on a circuit panel made from a piece 
of O.lin. matrix stripboard, size 9 strips 
x 21 holes. Details of component layout, 
breaks required in the underside copper 
tracks and inter-strip link wires is shown in 
Fig 3. 

Begin by cutting the material to size, 
drilling the two mounting holes and 
making the track breaks and links as 
indicated. Solder into position all on- 
board components taking care over the 
polarity of diode-D1. Note that capacitors 
C3, C4 and choke Ll are mounted 
separately off-board. Solder 8cm pieces of 
light-duty stranded connecting wire to 
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will also need to drill a hole for the 
separate toggle or rocker switch. 

Mount these components with the cir- 
cuit panel placed on short stand-off in- 
sulators to keep the copper strips 3mm 
clear of the metalwork. Note that transis- 
tor TRI requires a mounting kit consist- 
ing of a thin mica washer and a plastic 
bush (see Fig.5) to isolate it from the case. 

Press the rubber grommets into the 
holes drilled for the input and output 
wires then, referring to Fig.4, mount the 
remaining components and complete all 
wiring. Fit the control knob to VR2 
spindle. The on-off switch can be made 
to operate the circuit so that the lamp 
comes on at either minimum or maximum 
brightness depending on the sense of VR2 
outer connections. 

Adjust preset VRI sliding contact to 
approximately mid-track position. Insert 
IC] and fuse into their holders taking care 
over the orientation of ICI. Check that 
the link wire at matrix position A3/F3 is 
clear of the nearby fixing. 


INSTALLATION 
AND TESTING 


Important: To avoid short circuits, discon- 
nect and remove the 12V battery before 
proceeding to test the finished unit. 


CIRCUIT 


Fig. 4. Interwiring between the circuit board and all off-board components. Note 
that the radio interference choke L1 is bolted on the same side panel as the On-Off 
switch/Brightness control - see photograph on previous page. The choke is wound 


on à ferrite ring. 


copper strips 4, G and H on the left-hand 
edge and to strips E and F on the 
right-hand edge of the circuit panel. 

Cut the spindle of potentiometer VR2 
to a length of 8mm approximately (or 
longer if the box is to be mounted behind 
a wooden panel). To do this, grip the 
spindle — not the potentiometer body 
— in a vice and, supporting the body, 
cut the spindle using a small hacksaw. 
Smooth the end and check that the con- 
trol knob fits correctly. Drill a hole in the 
end panel of the box and mount VR2 
see photograph. 

Drill holes for the rubber grommets 
used for the input and output wires to 
pass through also for transistor TRI, 
terminal block TB!, fuseholder (FS1), r.f. 
choke (L1) and circuit panel mounting. If 
using a non-switched potentiometer you 


Connect the supply wires to the ter- 
minal block at points TBI/1 (positive) and 
TB1/2 (negative). Connect the lamp wires 
to TBI/3 and TB1/4 (polarity unimpor- 
tant). 

For all external connections use auto- 
type stranded wire of 3A rating minimum. 
Any switch already present in the lamp 
should be simply bypassed. Note that both 
lampholder connections MUST be isolated 
from ANY metalwork which connects to 
supply negative (vehicle chassis) Connect 
the supply and rotate VR2 control knob 
— the brightness of the lamp should vary 
smoothly. Adjust VR2 for least brightness 
then adjust preset VRI to give the desired 
minimum brightness. 

After a check for r.f.i. and any final ad- 
justments have been made, the 12V Lamp 
Dimmer may be put into service. a 
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If you're serious 
about electronics... 
this is essential 
reading E 


Whether electronics is your profession or 
simply an absorbing hobby, these manuals are the 
definitive reference source. 


The Electronics Repair For anyone with a 
Manual takes you from passion for how things 
basic principles and work and how to build b. - 
theory through to the them the Modern p 
repair and maintenance Amateur Electronics Manual is a must. Page after 
of TV's, radios, home page of projects to build and enjoy, ready to use PCB 
computers ... and much more. layouts, simple, precise instructions which are fully 


Hobbiest or professional, you'll find a wealth of 
useful information clearly and concisely presented 


illustrated, offer hours upon hours of pleasure. 
And, like the Electronics Repair Manual, this book 


here. Information that is updated regularly by 
supplements of over 150 pages every two to 


three months. 


As New Computer Express said: 

"The Electronics Repair Manual is 
a complete reference in itself. 

On it own it would be worth the 
£44.95 asking price. 

The supplements that are already 
available and those planned make 
it an absolute necessity." 


| SIGNATURE CAE (if under 18) 


To receive your copy of either — or both — Manuals 
on 10 days free approval please complete the coupon below or ring FREEPHONE 


ORDER FORM - SEND NO MONEY 


To: WEKA Publishing Limited FREEPOST 
The Forum 74—80 Camden Street London NW1 1YW Tel: 071-388 8400 
FREEPHONE 24hr Order Hotline. Use your credit card on 0800 289762 
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POSTCODE .. 


160573 


Y E S please send me the title | have ticked below on 10 days free approval: 


THE ELECTRONICS REPAIR MANUAL — £44.95 + £5.50 p&p 
(Order No 12800) and subesquent Updating Supplements 
[di THE MODERN AMATEUR ELECTRONICS MANUAL — £39.95 + £5.50 p&p 
(Order No 12000) and subesquent Updating Supplements 
Iš BUY BOTH MANUALS AND SAVE £10 
(If I only keep one manual it will be invoiced at full price + £5.50 p&p) 


goes on growing, supplement by supplement, 
guaranteeing that it remains the finest reference 


work available. 

As Mr. Lawson, Liverpool said: 

“As | am studying Electronics at 
Fleetwood Nautical College each 
and every supplement which l have 
received has been extremely 
beneficial. | would be lost without 
the manuals at my side. 

Thank you,” 
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under a Money-Back Guarantee of Satisfaction. If you are 
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Constructional Project 


LOW-COST === 
CAPACITANCE METER 


STEVE KNIGHT 


A simple and inexpensive piece 
of test gear that can prove 
Invaluable to the hobbyist 


HERE are a great variety of ways in 
| which capacitance can be measured. 
Many of these are sophisticated 
pieces of laboratory eguipment and very 
expensive and as a conseguence can find no 
home on the work benches of us project 
builders, experimenters and downright 
dabblers, who just like messing about with 
electronic gadgetry but have to keep a 
sharp eye on the finances. 

This little piece of test gear enables the 
values of capacitors from about 10p up to 
Ip to be measured in five decade ranges 
and, apart from the meter (which may be 
one you already have in the shape of un 
Avometer or any of the popular multi- 
meters now available), will cost no more 
than about a tenner. Even for something 
which isn't going to be used "all the time", 
this outlay is not likely to prove a hardship. 


USES 


Now it may well be that you might think 
the capacitance range of 10p to Ip is a 
bit restrictive, but if you think about 
things associated with home project build- 
ing, most of the capacitors used in the 
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very often finishing up with the original 
markings rubbed off or with no means of 
checking their values or indeed their actual 
condition. A lot of manufacturers’ surplus 
capacitors which are sold in cheap lots are 
often unmarked, out of tolerance, or coded 
in some unreadable form. A simple checker 
such as this project is, is a good investment 

The project gives a direct and steady 
reading of the capacitance value on an 
analogue ImA panel meter (which may 
be an appropriately switched multimeter). 
with no adjustments except a meter zero 
control which is only needed on the lower 
range in any case. It operates from a 9V 
battery supply. although if you feel en- 
thusiastic enough. a simple mains power 
supply will be described later. and it fits 
into an ABS plastic case measuring 150mm 
by 80mm by 50 mm. 


PHINCIPLE OF 
OPERATION 


The instrument works on the principle 
that the output. pulse of a monostable or 
one-shot multivibrator depends upon the 


values of the resistance and capacitance 
used in its feedback coupling path. Multi- 
vibrators can be easily constructed using 
a couple of discrete transistors, but the 
popular 555 integrated circuit is a much 
superior system where everything is already 
taken care of and where the monostable, 
bistable and astable forms of the multi- 
vibrator are available by simple external 
variations in resistance and capacitance 
feedback values. 

The monostable mode of the 555 is 
shown in Fig. 1, where only the relevant 
pin numbers and components are indi- 
cated. Initially. the external capacitor C is 
kept in a discharged state by the internal 
circuitry and the output at pin 3 is low. 

A short negative-going trigger pulse ap- 
plied to the input at pin 2 enables the 
capacitor to start charging up by way of 
resistor R. The voltage across C then rises 
exponentially with a time constant CR as 
current flows into it through A, and the 
output at pin 3 simultaneously goes high 
and remains high all the time the charge is 
going on. 

When the voltage across C reaches a 
predetermined level (two-thirds of the ap- 
plied Vcc). the capacitor is abruptly dis- 
charged and the output returns to its 
original low state. The related waveforms 
for this sequence of events is shown in Fig. 
2. hence for each input trigger pulse. the 
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Fig. 1. The 555 used in monostable 
mode. 


majority of circuits outside of the power 
supply sections fall within this range. Go 
through your store of capacitors or look 
up the circuits described every month in 
Everyday Electronics and see if this isn't the 
case. 

Often these capacitors get used a number 
of times in experiments and they tend to 
gather in what used to be called the “junk 
box” (perhaps it still is) for future use, 
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Fig. 2. Waveform sequence for the 
monostable circuit. 


output is an extended or "stretched" pulse 
he 
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FREE RUNNING 
OUTPUT PULSES 


Fig. 4. The 555 timer used in the as- 
table or free running mode. 


MONOSTABLE OUTPUT 


T. MEAN LEVEL OF WAVEFORM 
IS INDICATED ON THE METER 


Fig. 3. Monostable output showing the average or mean level. 
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whose duration depends solely upon the 
values of external components C and R. 

Since the duration of this pulse can 
be expressed by the simple formula 
T= LICR, then for a fixed value of R, the 
time Tis a direct function of the value of C; 
if C is halved, for example. T is halved. and 
so on. For a continuous series of output 
pulses, therefore, if these drive current 
through a milliammeter, the meter will 
indicate the mean or average value of the 
resultant current flowing through it, and 
this reading will. in turn. be directly 
Proportional to the pulse length and hence 
Proportional to the value of capacitor C. 
see Fig. 3. 


TRIGGER PULSES 


So much for the principle of measure- 
ment; what we want now is a train of 
trigger pulses at the input of the mono- 
stable. We can get these from another 555 
connected in astable or free-running mode. 
This time the connections are made as 


SEE TEXT P^ 


DISCHARGE 1 | 


113] DISCHARGE 


THRESHOLD! 2 | 


CONTROL 
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VOLTAGE 


Fig. 6. Complete circuit diagram for the 
Low-cost Capacitance Meter The let- 
tered circles indicate connections to 


Fig. 5. Pin connections for the 556 i.c. 
off-board components. 


showing the two individual timers. 
ae Resistors 
shown in Fig. 4. where the values of RI.R2 given in Fig. 5 which shows how the two RT 3M3 
and CI determine the pulse duration and timers are separated along each line of R2 680 
its repetition rate. pins. R3 3k9 
. " . . 9, 

The triggers need to be of very short The current consumption of the circuit Ec aa 
duration: they cannot be greater in dura- using a standard 556 is about I4mA, but R6 Ex TALK 
tion than the stretched pulses from the this chip is available (as is the 555) in a low R7 À Page 
monostable. and as these pulses will them- power version and for battery operation R8 
selves be very short for small values of test this gives an edge over the standard ver- R9 
capacitance C. the trigger must be as sion. | have not tried the circuit with the All 0.25W 5% carbon, except where 
short as we can practically make it consis- low power chip but I imagine it would indicated 
tent with reliable operation of the as- reduce the current consumption to some- Potentiometers 


See 


table. By making RI =3M3, R2- 680 and 
CI — 470p. a pulse width of about 200ns is 
secured with a spacing of about 950ps. 
These are measured values which differ 
slightly from the theoretical values, as is to 
expected. 

By connecting the two forms of multi- 
vibrator in series, therefore. and measur- 
ing the mean current through a meter con- 
nected to the output of the monosíable. a 
direct measurement of test capacitor values 
can be made. 


CIRCUIT 


To make a more compact assembly, the 
two 555 i.c's mentioned in the operating 
principles above are replaced by the 556. 
which contains two independent 555's in 
one |4-pin d.i.l. package but with common 
supply voltage rails. Those constructors 
who might wish to use separate 555's may, 
of course. do so, but the printed board 
layout shown later caters for the single 556. 
The connection diagram for this ic. is 
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thing below 10mA. VR1 


The full circuit diagram is given in Fig. 
6; the pin numbers here apply of course to 
the 556 package. All components, with the 
exception of the Set Zero control VR2, the 
meter ME! and the test terminals SKI 
SK2, are mounted on the board. 

The Range switch Sl, which is a 
miniature Lorlin 2-pole, 6-way type, is 
mounted directly on the board. This 
arrangement is preferable to having the 
switch connected to the board by hard 
wiring as it helps to keep the stray 
capacitances associated with the circuit at 
a minimum. 

The range resistors R4 to R8 are all one 
percent tolerance, these now being readily 
available from most outlets. There is a 
chance that a one per cent 10M for R8 
may be more difficult to obtain; if so, use 
a five per cent, though if you can lay your 
hands on a closer tolerance. use it. None 
of the other resistor values is critical. An 
i.c. holder is recommended for the 556. 


4k7 min. preset (horizontal) 
VR2 470 linear carbon 


Capacitors 
C1 470p polystyrene 
C2,C4 10n min. ceramic (2 off) 
C3 0422 min. ceramic 


Semiconductors 
iC1 556 dual timer 


Miscellaneous 

ME1 1mA f.s.d. moving coil meter 

S1 2-pole 6- way min. rotary 
switch 

ABS plastic 150x80x50mm; 

p.c.b. available from the EE PCB 

Service, order code EE751; 14.pin 

d.il. socket; control knobs (2 off); 

socket/terminais (2 off); connecting 

wire; solder; PP3 battery or similar. 


£72 


excl. meter 


Case, 


Approx cost 
guidance onfy 
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TO METER +V 


TO VR2 


BATTERY +9V 


TO TEST TO VR2 AND -v 
TERMINAL +V TEST TERMINAL-V 
ISK1) {SK2) 


Fig. 7. Printed circuit board component layout and full size copper foil master 


Pattern. 


CONSTRUCTION 


The Low-Cost Capacitance Meter is 
built on a small printed circuit, including 
the range switch pads. The component 
layout and full size copper foil master 
pattern is shown in Fig. 7. This board is 
available from the EE PCB Service, code 
EE751. 

Stick to all the usual precautions when 
soldering your components to the board as 
shown in Fig. 7. especially to those pads 
associated with the ic. and the range 
switch. This switch must be prepared by 
snipping off the tag ends of all the contacts 
(expect pin 7 which is snipped off com- 
pletely at its base), leaving as much of the 
“stumps” as possible so that these will 
protrude on the copper side of the board by 
about Imm and so enable a good solder- 
ing connection to be made; see Fig. 8. 
The orientation of the switch shaft flat is 


automatically correct when the switch is 
mounted for a grub-screwed knob to be 
fitted. Do NOT shorten the shaft. 

The four outgoing wires from the points 
E, P. O and R should be soldered to the 
board, allowing about | 30mm in length for 
each of these. The battery leads can also be 
connected, these should have battery snaps 
to clip on to the appropriate battery ter- 
minals and need be no more than 75mm in 
length. 


ASSEMBLY 

The lid of the specified ABS plastic box 
should be removed and the four fixing 
screws retained. You will probably find it 
best to assemble the circuitry into the case in 
the following order. First, mount the board 
in the base of the case: the board should be 


Positioned on the floor of the case shown in 
Fig. 9. and the two fixing holes at X-X 
marked through on to the case bottom using 
a scriber or a sharp pencil point. Make sure 
that the range shaft is central between the 
sides of the case. 

Drill two 6BA holes through the case 
bottom at these marked positions and 
mount the board on two 6BA screws with 
Vain. (6mm) intermediate spacers to lift it 
off the case floor and allow enough of the 
range shaft to protrude through the lid to 
accept a suitable knob. Knowing the posi- 
tion of the range shaft, drill a “in. (8mm) 
clearance hole in the lid so that the shaft 
passes comfortably through it when the tid 
is placed in position. 

We can now do the rest of the work 
on the lid. Additional to the hole we al- 
ready have, this is drilled to the dimensions 
given in Fig. 10. The | 4-inch hole is only 
needed if you are going to use the specified 
meter; if you are going to use an exter- 
nal meter, simply provide two terminals or 
socket holes in the position which would 
have been taken by the I “in. hole. 

The test terminal holes at the lower 
edge of the lid should suit the terminals 
you have; if these are the standard 4mm 
types, a “vin, hole is wanted for each 
together with a small "notch" to accept the 
anti-rotation protrusion on the terminal 
assembly. Having drilled the necessary 
holes, the artistic among you might like to 
label the lid appropriately. using a pen or 
preferably rub-down lettering. 

The front panel layout is shown in the 
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SNIP THE TAGOFF 
AT THIS POINT AS 
CLOSE AS POSSIBLE. 
REMOVE PIN 7 
COMPLETELY 


mm ~ 


Fig. 8. Preparing the range switch S7 
for the p.c.b. 


photographs. Notice that the six switch 
positions start off at 15 degrees to the 
horizontal and are then spaced at 30 
degree intervals. This way they will coin- 
cide with the switch shaft orientation when 
a knob is fitted. Now the meter (if used), 
the Set Zero potentiometer (with its shaft 
cut to the right length to take the knob) 
and the test terminals can be fitted into 
place. 


WIRING-UP 


Returning to Fig. 9, wire up the lid com- 
ponents to the four board leads as the 
diagram shows. Adjust the lengths of these 
wires so that the lid can rest alongside the 
case bottom while the initial setting-up pro- 
cedure is done; after that, which involves 
only the adjustment of preset VRI, the lid 
can be screwed onto the box and knobs 
fitted to the two control shafts. 

The battery fitting hasn't been men- 
tioned, the reason being that this is a 
simple job which should not require any 
specific instructions. A simple metal clip 
might be used or the battery could be 
“stuck” down to the base of the box by a 
couple of the self-adhesive pads available 
from most d.i.y. stores. Its position is 
shown in Fig. 9. 


Everyday Electronics, September 1991 


CALIBRATION 


Calibration is very simple but you need 
an accurate capacitor within the range 
0105 to Onl if you are to get the best out of 
this project. A range of one per cent 
capacitors is generally available and if you 
choose a couple from these. there should be 
no problems. This aspect is discussed at the 
end of this article. 

With the range switch set to OFF and 
the battery installed, turn the Set Zero con- 
trol full clockwise. then switch to position 
3 ( the Ou! range) and if necessary adjust 


Fig. 10. Drilling details and (below) 
lettering of the front panel of the meter. 
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ALL DIMS. IN mm 


BATTERY CLIPPEO 
IN THIS POSITION 


CASE BOTTOM WITM P.C 8. FITTED 
USING THE HDLES AT X- X 


HOLE A- 36mmDIAM. 
HOLE B -8mm DIAM. POSITION TO 
SUIT RANGE SWITCH SHAFT. 
MOLE C- 10 mm DIAM. 
MOLES D- TO SUIT TEMINALS 


the Zero control to give zero meter read- 
ing. Connect the known capacitor across 
the test terminals and adjust VRI on the 
board until the meter indicates the value of 
this capacitor: for example. if you use two 
accurate 39000p capacitors in parallel (that 
is. equivalent to 04078), you would set the 
pointer to 0:78 on the 0-1 scaling. If you 
have an accurate Ou], of course, you would 
adjust VRI to give full scale deflection. 

This completes the calibration proce- 
dure; the other ranges will be automatically 
correct if the circuit has been built to the 
specification given. The other ranges can of 
course be checked by connecting known 
capacitors for each range and noting that 
the meter reading is within the tolerance of 
the capacitors used. Five per cent types are 
good enough for these checks. 

For the first three ranges i.e. 1p, Op! and 
10n (0401) the Set Zero control will prob- 
ably need no adjustment. For the other 


Fig. 11. Circuit for a mains power 
Supply. 


P.C.B. SPACED 6mm OFF 
BGTTOM OF BOX 


Fig. 9. Wiring from the circuit board to the com- 
ponents mounted on the case lid. 


HOLE TO ALLOW RANGE 
SWITCH SHAFT TO 
PROJECT THROUGH LID 


two ranges i.e. In and 100p. adjustment is 
needed. particularly on the 100p range. The 
scale should be zeroed before connecting the 
capacitor. 

If you have no idea of the value of a 
capacitor, always start off on the Ip range 
and work downwards. 


PRECISION 
CAPACITORS 


An accurate Op! can be made up from 
two 39000p and one 22000p all in paral- 
lel. These values are available in the one 
per cent tolerance range. If you cannot 
get hold of any of these close tolerance 
types. five per cent types may be used with- 
out seriously affecting the usefulness of the 
project: most capacitors do not need to be 
known to any better accuracy than five per 
cent anyway. 

Electrolytic types are not common below 
lp in value; these cun be measured on this 
instrument, but observe the polarity at the 
test terminals. The terminal on the left 
(locking at the front) which is wired to 
point P on the board is the positive: use a 
red terminal here and make the other black 
or green for convenience. 

The battery should give a long operation 
in this usage, but as its output falls, there 
will be a small change in the meter tndica- 
tion. Check at regular intervals using the 
precision test capacitor on the Opl range. 
and adjust VRI if necessary. 


MAINS POWER 
SUPPLY 


Some of you may prefer to use a larger 
box and build in a mains power supply. 
The general assembly can follow the bat- 
tery version. the power unit taking the 
place of the battery position. A suitable 
circuit is shown in Fig.11. A miniature 3VA 
transformer is sufficient having a 12V or 
two 6V secondaries. 

The range switch may still be used as the 
ON-OFF switch on the secondary side ex- 
actly as it is for the battery version, but 
the primary must be separately switched by 
way of a toggle or slide switch of proper 
mains rating. 
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ZENERLESS 
VOLTAGE 
STABLISERS 


ONVENTIONAL voltage stabilizers 

usually contain a Zener diode to 
provide a reference voltage. A similar job 
can be done by an ordinary transistor. 

The working base-emitter voltage (Var) 
of a silicon transistor varies. but within 
fairly narrow limits. For any particular 
transistor it varies with collector current 
and with temperature. If the temperature 
doesn't change much and the current is 
fairly constant then Vgg can be used as a 
reference voltage of 0.6 to 0.7V. 

The idea is elaborated in band-gap volt- 
age references, i.c.s where a special com- 
bination of transistors gives a very stable 
voltage (usually about 1.2V). However, this 
article deals only with the simple Vgg case 
which lends itself to d.i.y. applications. 


TWO- 
TRANSISTOR 
STABILIZERS 


In the simplest case (Fig 1) the 
base-emitter voltage of TRI provides the 
reference. The second transistor TR2 
delivers output current. The voltage drop 


Fig 1. Basic stabilizer 


574 


OUT 
DECREASING b 


Fig 2. Variable output voltage 


across R2 (which is the output voltage) 
turns on TRI. If this voltage tries to 
increase. the resulting increase in TRI's 
collector current through RI pulls down 
the base voltage of TR2 and so counteracts 
the rise. This is a negative feedback 
process. It is most effective when the 
voltage gain of TRI is high. The gain is 
roughly 40 times the number of volts 
dropped by R1, and can be quite high. 


VARIABLE 
VOLTAGE 


The basic circuit is fine, if you want an 
output of about 0.7V. But who does? One 
way to provide an increased output voltage 
(Fig.2) is to tap the output with a poten- 
tiometer. The output voltage is then VpE 
(R2/b) where b is the resistance of the lower 
end of the pot. 

Unfortunately. if the slider moves up- 
wards when the spindle is turned clock wise 
the voltage control works "backwards". If 
R2 is a linear pot this can be remedied by 
reversing connections "1" and "3". This is 
impracticable with a log. law pot, because 
the voltage control is then too fierce. 

To use a log. law pot (Fig.3). add a resis- 
tance R3 and connect the pot as a variable 
resistance R2. Voltage can now be made to 
increase smoothly with clock wise rotation, 
and is Vgg (R2/R3). 


FIXED VOLTAGE 


It is easy to fix the voltage by using 
a preset R2. If a more precise control is 
needed you can add a Zener diode (Fig.4). 
The output voltage is V, + VBg and can be 
fine-trimmed by R2. This circuit is useful 
where more output current is needed than a 
simple Zener stabilizer can supply. 


VOUT 07-9v 
0 -100mA 


Fig 3. Practical variable output 


Fig 4. Fixed voltage 


By using a power transistor for TR2 you 
can obtain large output currents. However, 
when no output is drawn the standby drain 
is low. In a simple Zener circuit, on the 
other hand, the drain is constant even when 
no output current is drawn. 

The value of R2 in all these circuits (R3 
in Fig.3) should be chosen to pass at least 
ten times the expected base current of TR I. 
Since the voltage across R2 is Vge, which is 
likely to be about 0.65V (650mV) the 
required R2 value is easily calculated: 
R2=650/(10.1g). With Ig in micro-amps 
R2 is in kilohms; with Ig in milliamps R2 is 
in ohms. 

These simple stabilizers can be 
elaborated to provide much better 
performance. and with added overload 
protection. but they can't then compete in 
cost with integrated stabilizers. They do 
have the advantage of being able to 
provide low output voltages (under IV) 
from a single positive input voltage, which 
some variable voltage i.c. stabilizers 
cannot. 


e v 
à. > 


VERY Oy nm 
1 ELECTRONICS 
Eee 
ULTRASONIC PROXIMITY 
METER 

12V NICAD CHARGER 


Don’t let your valuable issues of EE 
get binned, burned or bitten (by the 
dog). Get one of our exquisite orange 
hard-back binders, slip each issue into 
it as you get them and you will always 
know where they are - we hope! 

Binders to hold one volume (12 
issues) are available from Everyday 
Electronics, 6 Church Street, Wim- 
borne, Dorset BH21 1JH for €5.95 
(£6.95 to European countries and £9.00 
to other countries, surface mail) in- 
clusive of postage and packing. 

Payment in £ sterling only please. 
Visa and Access (MasterCard) ac- 
cepted, minimum credit card order 
value £5. 


Everyday Electronics, September 1991 


EASY-PC, SCHEMATIC and PCB CAD 


Over 9000 Installations 
in 50 Countries Worldwide! 


BRITISH 


DESIGN 


AWARD 
1989 


286/ 386/486 with 
Herc, CGA, EGA or 
VGA display. 
eDesign:-Single sided, 
Double sided and 
Multilayer boards. 
eProvides Surface 
Mount support. 
eStandard output 


includes Dot Matrix / 
Laser / Inkjet Printer, 
Pen Plotter, 
Photo-plotter and N.C. 


Drill. 


eSuperbly easy to use. 
eNot copy protected. 


DIGITAL SIMULATION 
PULSAR 


Configuration Generator Anal or Libraries 
File: COUMIDCD MET 0/0/Mex: 78FDE 7 
Lo ALU A 


001 Fitelp Quit | 
Match € 20 06 


| 
WAS ID 


C — 1 T " = as o 
Poo Pan Unzour fin: 16.500 uj Rel: *10,000 us Div: 250,000 n3 1nay 


e At last! A full featured Digital Circuit Simulator for 
less than £1000! 


e Pulsar allows you to test your designs without the 
need for expensive test equipment. 

e Catch glitches down to a pico second per week! 

einciudes 4000 Series CMOS and 74LS Libraries 


eRuns on PC/XT/AT/286/386/486 with EGA or VGA. 


eNot Copy protected. 
For full information, Write, Phone or Fax:- 


Number One Systems Ltd. 


SMITH CHART CAD 
Z-MATCH II £195 


L= 2.100 08 Henriet 
Ref Coet s 8.41 — 07 


Bielec constant z1.08 


|| | d 
p \ a nee Sa > 
— L7 \ TL AC x 4 =3 
\ 4 AX 7^ ~ x 
v ox ^ : 4 
2 ^ A | -— / 
Trog: 188.8 Mir <“ A E A 
ul T 
S ae a 
LI | 3 


eZ-MATCH Il simplifies RF matching and includes 
many more features than the standard Smith Chart. 

eHandles transmission line transformers, stubs, 
discrete components, S Parameters etc.etc.. 

eSupplied with many worked examples. 

eSuperbly easy to learn and use. 

eRuns on IBM PC/XT/AT/386/486, CGA,EGA,VGA. 

eNot Copy protected. 


The CAD Specialists 


REF: EVD, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, ENGLAND, PE17 4WR. 


Telephone: 0480 61778 (7 lines) Fax: 0480 494042 
l'Fax: + 44-480-494042 ACCESS, AMEX, MASTERCARD, VISA Welcome. 


International: 4 44 -480-61778, 


Everyday Electronics, September 1991 


575 


Special Feature . — 


BLUMLEIN 


THE FORGOTTEN GENIUS 
BARRYFOX | 


|| 


A true mystery story that is stranger than fiction 
and reads like a Hollywood movie script. 


Next year, 1992, sees the unification of Europe. For a 
very few people 1992 also means the fiftieth anniversary 
of the death of Alan Blumlein — arguably the most sig- 
nificant electronics engineer to be born, live and work in 
Britain. It was on 7th June 1942 that the plane carrying 
Alan Blumlein and his experimental radar crashed near 
Ross-on-Wye, killing all on board. 


Despite the importance of his work on stereo sound, television. 
telecommunications and radar, only electronics engineers know 
enough of the man’s achievements to respect his memory. The public 
at large will have heard of Edison. Bell and Baird. but not Blumlein. 


Victim Of Circumstance 

This is curious because Blumlein's life story reads like a Hol- 
lywood movies script. The picture his family paints is of an absent- 
minded genius who died young in mysterious circumstances, who 
couldn't read until he was twelve years old and would not read 
complete books until after he was married. In all Blumlein filed 128 
patents. one for every six weeks of his working life. And he wasn't 
just an armchair inventor. He built what he patented. 

But, in death. Alan Blumlein has been a victim of circumstance. 
When he died, he was engaged in secret war work. The government 
postponed even a brief announcement for three years. 

Before the war, Blumlein had been working with EMI. now 
Thorn-EMI. and the company has done pitifully little to publicise 
his achievements. For a quarter of a century there has been talk of a 
biography, but the first biographer fell sick and died early in the 
project. His successor, Francis Thomson, has still not produced 
anything after nearly twenty years of promises. It now looks as if 
even the fiftieth anniversary will be missed. 

The whereabouts of large quantities of biographical papers is now 
shrouded in mystery. Colleagues of Blumlein who provided it have 
since died. Every year. first-hand memories of Blumlein fade further 
into the mists of time. The story of the missing biography would 
make a book of its own 


The Man 

Alan Dower Blumlein was born in Hampstead, North London on 
June 29th, in 1903. He went to Highgate School, where he studied 
science. From there he went on to City and Guilds where at the 
age of twenty he was awarded a first class honours degree in heavy 
electric engineering. He stayed on at City and Guilds for a while as a 
demonstrator. At the age of twenty-one he wrote an award winning 
paper for the Institution of Electrical Engineers on measuring electri- 
cal resistance. 

In 1924 Blumlein joined International Western Electric, owned by 
Bell Laboratories who ran the North American telephone system. 
Later the company became Standard Telephones and Cables, now 
known as STC. Blumlein's job was to improve the sound quality on 
long distance telephone lines. But in 1929 he grew restless and joined 
therecord company known as Columbia Graphophone. 

Blumlein’s boss, Isaac Shoenberg, later Sir Isaac, asked him to 
find a way round a string of patents owned by Bell and Western 
Electric on their new method of recording sound electrically. Un- 
til then, records had been made mechanically, with sound waves 
vibrating a diaphragm which moved a stylus to cut a groove. Bell 
and Western had come up with a way of using a microphone to 
produce electric signals which, when amplified electronically, moved 
the stylus. It was so successful that all the record companies wanted 
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to use the system. But they all had to pay the Americans up to a 
penny royalty on every record pressed, 

The Western Electric patent on the disc cutter monopolised the use 
of a lossy rubber transmission line connection to a moving iron. 
Around 1928 H.E. Holman of Columbia got round the patents by 
putting rubber mounts at the side of the moving iron. The results 
were poor. By June 1930, within a year of joining the company, 
Blumlein had made a moving coil cutter which needed no rubber at 
all and thus steered well clear of the Western patents while giving 
improved reproduction 

The cutter moving coil was a single turn of metal which carried 
very heavy currents. Blumlein used neoprene for the bearing instead 
of rubber. He made it work with relatively low power radio receiver 
valves instead of the very high power transmitter valves previously 
needed. 

His system not only avoided the patents — it did the job better. 
He also built a moving coil microphone because Westrex claimed 
royalties on condenser mics too. 


Hot and Bothered 


In 1931 Columbia Graphophone merged with the Gramophone 
Company. which owned the His Master's Voice record label and 
the famous Nipper dog trademark. The result was a new company, 
Electrical and Musical [ndustries, later to be known just as EMI. 

Scientists working at EMI's Lab in Hayes were given a vety free 
hand. The company was always looking to the future. Blumlein held 
a special position at EMI. At the Hayes labs he worked in an odd 
way, holding a privileged position. He could go anywhere he liked in 
the labs and settle on any task he thought appropriate. He would flit 
around, looking over people's shoulders and when he saw a tough 
problem he would help. 

In a tape recorded a few years before her recent death, Blumlein's 
wife, Doreen, remembers the time when Alan was doing the work on 
disc cutters: 

"He had started in Standard Telephones and Cables. Then Colum- 
bia wanted someone to help with a recording system. They were 
paying Western Electric a halfpenny a record. So he went to Colum- 
bia and made this recording system which he called "Hells bells, hot 
and bothered". HB for short. 

"He was very proud of saying he was never in HMV; he went 
straight to EMI. He was very worried about his recording system. 
He was very modest. 

“He said to me, ‘Oh dear, what if their system is better than mine’, 
and I said "Wait and see darling. it doesn't matter. Probably yours is 
better" 

"Of course the HMV system never worked so they took Alan's 
system. He came home one day and said, “Well really", and I. said, 
"What is i?". and he said. "HMV have put out a big notice, "After 
years of patient research we have perfected the best method piano 
recording’. And of course it was Alan's, you see." 


Stereo Shuffler 


After improving the quality of disc recording, Blumlein turned his 
attention to stereo. He made a stereo cutter and pick-up with a pair 
of moving coils. Although he constructed a ribbon stereo mic most 
of the historic stereo test recordings were made with twin mics and 
"shuffler" circuits, onto 10 inch 78rpm discs. Thankfully, much of 
this equipment is now on display at Thorn-EMI's new Central Re- 
search Laboratories near the old Labs in Hayes. 

In nature our two ears hear a natural spread of sound from a 
limitless number of sources all round. At home or in the studio, we 
are listening to sound from just two loudspeakers. But we don't hear 
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two loudspeakers, we hear the illusion of sound spread between and 
around the speakers. 

It was Blumlein who thought up the trick that makes this work. 
While other engineers, for instance at Bell Labs in America, were 
trying to mimic nature with numerous loudspeakers reproducing 
subtle variations in the phase of the sound. Blumlein did some lateral 
thinking. Instead of trying to recreate the original sound field, he 
found a way of fooling the ear and brain. His shulfler cir- 
cuit converted phase changes into amplitude variations. Later 
he achieved the same effect with a crossed pair of directional! 
microphones. 

During reproduction, each of our ears hears a mix of sound from 
each loudspeaker. When both loudspeakers are reproducing the 
same sound (in the same phase) at the same volume level, our brain 
is fooled into thinking the sound is coming from halfway between 
the two loudspeakers. When the sound from one loudspeaker is 
slightly louder than the other. the apparent source shifts sideways. 


In the Groove 

By far the most important of Blumlein's 128 patents was the one 
(number 394 325) which described this stereo technique. The same 
patent also tells how to record two channels of sound in the single 
groove of a gramophone record - or a single soundtrack down the 
side of a reel of cinema film. British patent 394 325 has become a 
Bible for audio engineers. 

Recently. at the University of Keele. Reg Williamson has been 
working with students to build a complete Blumlein stereo shuffer 
system, following the patent specification and drawings. 

The first draft of the seminal patent was filed on December 14. 
1931. and (in accordance with the patent laws of the time) the “com- 
plete” or final specification was lodged on November 10. 1932. The 
papers were examined by the Patent Office and formally approved 
and "accepted" on June 14, 1933. 

In July 1933 Blumlein started making test stereo recordings. By 
December 1933 he had made a record which is now famous amongst 
sound engineers as the “walking and talking“ stereo experiment. 
Engineers walk backwards and forwards across a room. in front ofa 
stereo microphone. 

In January 1934 Blumlein took his equipment to EMI's recording 
studios at Abbey Road and there cut discs of Ray Noble's dance 
band and Sir Thomas Beecham conducting Mozart. 

There was no market for stereo then. Few people could afford one 
loudspeaker, let alone two. Blumlein's stereo only came into its own 
in the fifties, long after the inventor's death. He never lived to see 
how successful it was and hear how wonderful it sounds on a good 
hifi system. 


Matter of Standards 


In March 1958 the record industry set a standard for stereo 
recording — and then the press referred to it as an American sys- 
tem. In a thundering Editorial, in the April 1958 issue of The 
Gramophone, the technical editor Percy Wilson reminded the world 
that it was Blumlein who had invented and patented the system. 

Engineers at EMI's main rival, Decca, spent five years working on 
stereo in the early 50s. Arthur Haddy. who was in charge of all 
Decca's technical services. later told how it was only when they filed 
a patent of their own, that they found out that everything had al- 
ready been invented and claimed by Blumlein in the 30s. 

Neither Blumlein, nor his family, nor EMI, ever benefited finan- 
cially from the patent. even though the company's lawyers were able 
to keep it in force until December 1952. (thanks to special provisions 
that compensated inventors for the lost war years). 

His wife remembered: 

“One day at EMI's AGM, when I had some of the shares. Sir 
Joseph Lockwood said to me, "We still live on Alan's work, you 
know’. And I thought, well a pity you don't pay me for it. 

“And he said, "We are resurrecting his binaural’. And of course 
they called it stereo. But the patents had lapsed so they didn't get 
anything out of it, or me. Of course. ! had already signed all the 
patents away because he was under contract." 


Gone Missing 

Much of the recording apparatus which Blumlein built has either 
been lost or destroyed by people who did not recognise its historical 
value. Papers documenting his work are missing. EMI does not 
have access to Shoenberg's personal papers. Philip Vanderlyn. who 
worked with Blumlein at EMI, told the BBC (for the Radio 4 
documentary, Move the Orchestra) how he was stil! puzzled about 
this: 

"Every day he would come round the Research Labs and talk with 
everyone. He kept in touch that way. Going back through his papers 
| would have expected to find a lot of theory, thoughts and calcula- 
tions. But they didn't emerge and 1 often wondered where the devil 
they were. | would have expected some sort of master plan. But the 
core of his work was missing." 
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Forgotten Footage 

Blumlein's stereo sound film system was forgotten for forty years 
after it was invented. His wife later recalled how he described what 
he wanted to achieve: 

“One day before the war we were in the cinema and he said to me. 
“Do you realise that the sound only comes from one person”. Well I 
didn't. I'm not clever or musical. I said. ‘Oh does it”. He said. "Yes. 
I've got a way’. he said “to make it follow the person’. And he called 
it binaural, and because the war came it was shelved." 

In the seventies Dolby Laboratories finally convinced the Hol- 
lywood film studios that they it should start taking stereo sound 
seriously. 

Dolby Labs. working with EMI. produced the first 35mm optical 
stereo films (since Blumlein) in 1975. Like Blumlein the Dolby opti- 
cal system splits a variable area track. but adds noise reduction to 
make up for loss of signal. Dolby Labs found that Blumlein's stereo 
films will run on a modern Dolby stereo film system. The tracks sit in 
the right location. left and right. 

The stereo sound film recordings were made in 1933. After years of 
nagging, Thorn EMI (with the help of dedicated outsiders working 
for love) finally transferred them from old nitrate stock onto one 
inch video. There is a classic shot of a train going past the EMI Labs. 
filmed from the building roof. The stereo mic was mounted on a 
lamp post down below near the railway lines: There is also a piece of 
film shot inside the labs. which has Blumlein. Vanderlyn. Holman 
and Westlake walking backwards and forwards across a crude stage 
while talking to give a mobile stereo image. 

One famous film is a playlet performed by the Hayes Amateur 
Dramtic Society. It was shot with a single camera, from a single 
viewpoint, to avoid the need for editing. Set in a cafe. waiters run 
on and off. noisily dropping plates to the extreme left and right off 
screen. An orchestra plays off set to the extreme left. At one point 
one of the waiters asks the musicians to move. Their sound pans 
across. apparently still in stereo. 

No-one has ever been able to explain how this modern effect was 
achieved in 1933. 

Contrary to popular belief Blumlein did not invent surround 
sound. He was more interested in height than back to front depth 
For his cinema system he proposed using the amplitude channel for 
left/right modulation. from the left end of the screen to the right. 
with the other channel. the phase difference channel. for vertical 
signals from the bottom of the screen to the top of the screen. 


Television — The Impossible 

It was a logical step from sound and film. to television. John Logie 
Baird. whose largely mechanical TV system was abandoned in 
favour of the far superior all electronic system developed by Blum- 
lein and a team of engineers at EMI's Research Laboratories in 
Hayes, was a highly successful self publicist. So although it was 
Blumiein's work that gave Britain a regular TV service, the public 
thinks of Baird as the inventor. 

In 1935 a Government committee under Lord Selsdon recom- 
mended that Britain should have a TV service with pictures made up 
from 240 horizontal scanning lines 


Original experimental microphone 
All photos courtesy of Thorn- EMI Central Research Labs. 


Baird had been promoting à mechanical system with just 30 lines. 
He might just manage 240. Isaac Shoenberg decided that EMI 
should develop something that was 50 obviously so much better. that 
Baird's system would quickly sink without trace. He committed 
Blumlein. and his fellow reseirchers. to the development of a 405 line 
standard. 

Although 405 line black and white pictures would today look poor 
alongside 625 line colour pictures. fifty years ago Schoenberg's target 
looked impossible. 

Blumlein thrived on the impossible. It took him and his colleagues 
just eighteen months to design. develop and install a working TV 
system ready for the BBC to install at Alexandra Palace for trans- 
missions to begin in November 1936. 

EMI engineers had made the transition from film sound to TV 
after trying to make movies on paper for home display. Their first 
TV system, built around 1930, used 150 lines per picture. 

The first public demonstrations of the EMI system were al the 
Radiolympia show held in late August 1936, and the regular BBC 
TV service began from Alexandra Palace on November 2, 1936. 
For political reasons Selsdon had recommended a public test. with 
the BBC transmitting the same programme alternately on both the 
Baird and EMI systems. 

The unwieldy Baird system was à clumsy mix of film and mechani- 
cal scanning technology. One contemporary described Baird's sys- 
tem as “clockwork” compared to the EMI all-electronic technology. 
but Lord Selson and his committee just plain didn't dare freeze Baird 
out. The public TV test of winter 1936/37 was probably the first 
and last time that any government decided against deciding on what 
technology to use and let the protagonists fight it out in public. 

Just as Shoenberg had planned. Blumlein’s all electronic TV killed 
Baird's system stone dead. After a few months of running both sys- 
tems side by side, with the same programmes transmitted twice. The 
corporation finally dropped the Baird system in February 1937 

By May 1937 the EMI team had produced outside broadcast 
equipment which was capable of transmitting King George VI's 
coronation. the first ever all-electronic TV broadcast from outside a 
studio. The pictures were clear, despite an overcast day and very 
poor light. Blumlein had designed cables and amplifiers to carry the 
signals eight miles across London. 

Few people had TV sets. His son. Simon. who now runs a record 
shop in Petersfield (called Blumlein's) was onc of the few people to 
sec the results. He still remembers watching the Coronation on the 
12th May 1937. even though he was only just over a year old. This 
makes him one of the very few people in the UK to have seen two 
Coronations on television. 


Absent Minded 


The tape of Doreen Blumlein contains some fascinating insights 
into the man. 

"There wasn't a single subject that you could mention that he 
didn't know something about, even if it was only one word. I don't 
think I ever mentioned anything and he ever 
said. What's that? . 

“Tf we went to look up a word in the en- 
cyclopaedia. he'd be there for about an hour 
and a half because he'd found lots of other 
words. 

“When | first met him he wouldn't read 
any books. He didn't really read until he was 
twelve. His nurse used to read everything to 
him because he hated reading. Then he went 
to a crammers when he was about twelve" 


Doug Birkinshaw (BBC Superin- 
tendent Engineer). with Emitron | 
Camera at Alexandra Palace 1936. jt 


578 


“| used to say to him, you couldn't read properly until you were 
twelve. and he said. “No. but | knew à hell of a lot of quadratic 
equations . 

~] got him to read library books. But he couldn't read poetry 
himself. I would have to read it or say it to him. Sometimes in bed he 
would say to me. say that speech from Shakespeare. the one from 
Hamlet. At that time ! had a photographic memory and | would say 
itto him. He would say to me. “Say itagain. and i shall know it. 

“He got to like poetry through me. but he couldn't read it to him- 
self ever. I would have to do all the reading to him. He had that type 
of brain that he couldn't read poetry. 

“He couldn't spell. Two days before he died he wrote me a letter of 
two pages and nine spelling mistakes. Rotten was wrotten. | used to 
say. "No W`. He'd say: “Well you spell wrong "wr", why can't | spell 
it “wrotten™. Kipper was kippa - lll have kippas for breakfast. 

“His mind would be so full, he didn't remember whether he was 
dressing or undressing. | remember once we went out to dinner and 
we were sitting in a friend's drawing room after dinner and he 
whispered to me. he said “Have we had the meal? | said. " Yes. don't 
you remember? “No... 


Paperwork 

Blumlein's patents would have been drafted with the help of EMI's 
patent agent: likewise the papers which he wrote for the Institution 
of Electrical Engineers in 1937/8. These show how the electronic TV 
system was put together and there is here a clear lesson for today. 

Instead of building hardware by trial and error. and then using it 
as a basis for paper circuits and published theory. Blumlein started 
out by defining the TV waveform and then building technology 
to produce and process the defined waveform. The 405 line TV 
waveform described in the IEE papers became the basis of all 
television transmission throughout the world. 

Blumlein rejected the idea of scanning the TV lines in zig-zag 
fashion, and changing the scanning speed with picture brightness. 
Instead he chose unidirectional scanning at uniform speed. Double 
sideband amplitude modulation was chosen, along with line and 
picture synchronization by pulse control signals transmitted along 
with the picture information. 

Reference signal levels define full white and full black values 
of picture brightness. Peak signal level represents white. The 
synchronizing signals are at three sevenths the vision signal value. To 
prevent flicker from the display of 25 bright pictures a second, each 
picture is broken down into two half pictures made up from half 
the total number of lines. These half pictures or fields are (hen 
displayed at a rate of 50 a second so that they interlace and merge on 
screen to give 25 full pictures, but without noticeable flicker. 

Later Blumlein admitted that EMI had gambled on recommend- 
ing a 405 line system to Selsdon's committee long before they had 
made it work. The recommendation was given. said Blumlein. "with 
considerable misgivings”. 

Although details, such as the number of lines and later the addi- 
tion of colour coding. have of course been changed for modern 
systems, the basic parameters remain the same. Indeed some people 
in Britain were still receiving 405 line programmes in the 1936 
waveform until January 1985, when the last transmitters closed 
down and the VHF service Was terminated. The transmitters went to 
hospitals to help cure cancer by radiation therapy. The VHF bands 
released by the shutdown have been allocated to new public mobile 
radio services. 


War Years 

The TV service was temporarily shut down in September 1939 
because the military feared that German bombers might home in on 
Alexandra Palace. 

But by then Blumlein was deep into war work. His design for the 
airborne interceptor, or Al. system was the first successful high fre- 
quency centimetric radar. His next and final work. was on the H2S 
system — known at the time as blind bombing or bombing without 
seeing. The object was to get a plot of the target onto a cathode ray 
tube. The.bomb aimer was then able to bomb very accurately. 

At the time not even Blumlein's wife knew what he was doing: 

^1 didn't know anything about his working on radar. When the 
war started he said to me. * shall not be telling you anything of what 
| am doing because | am not allowed to speak about it, and if 1 tell 
anyone I shall tell you. If! haven't told you | shall never be tempted 
to tel! anyone else’. 

~He did tell me that his name was on a list and that he would be 
taken to Germany if the Germans came. He told me exactly what 1 
was to say so the boys and | would be all right. 

“If he brought work home he always burned it at the end of the 
day. so of course 1 didn't know anything until after the war when 
they told me. ! had no idea he was working on night fighters or H2S 
or anything. because they weren't allowed to say" 

We now know that Blumlein's war effort began with a Clever use 
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of his stereo sound system to help gun crews pinpoint incoming 
aircraft. Spaced microphones in parabolic reflectors collected the 
sound. which was then piped to the operator's ears down stetho- 
scope tubes. similar to those horrid gadgets used for inflight enter- 
tainment by some airlines. By moving the microphone pair. until the 
sound level peaked. the operator could pinpoint the sound source. 
Two operators could work together with two microphone pairs. one 
horizontal and one vertical. 

Philip Vanderlyn told the BBC about the practical snag with the 
system: 

“Sound location was an adaptation of his stereo system. They 
brought sound tocators into the gun sites because the early radio 
devices didn't have any height finding. They used the sound locators 
for height. But they were very close to the guns. The operators had a 
mechanical tap in the pipes that they could turn off. but of course 
they had to hear the orders to fire before they could turn the darn 
thing off. And there was always confusion on those sites. The poor 
devils that were sitting on the locators often had their eardrums shat- 
tered. 

To cure this problem Blumlein developed electrical limiting cir- 
cuits, like those used in modern ear muffs, and tried to display the 
signal visually on a cathode ray tube. 


Radar 


From there, and from television, it had been a logical step to radar. 
The two systems have a lot in common. For TV. a camera converts 
light into electrical signals which paint a luminous image on the 
screen of a cathode ray tube. For radar. a radio wave is transmitted 
and any reflection from a solid object — whether an aircraft or the 
ground - is displayed as luminous blips on a similar screen. Careful 
calculation of the time it takes for the signal to bounce back to the 
transmitter, gives a telltale of the distance. 

The government had in fact given the go-ahead for secret work on 
radar to begin, in 1935. after Robert Watson-Watt proved that 
radiowaves from the BBC's transmitter at Daventry could be 
bounced off a bomber. detected and displayed on a cathode ray tube 
screen. 

It is surely no coincidence that the British Government simul- 
taneously encouraged Baird and EMI to race on the development of 
a high frequency TV system which relied on cathode ray tube 
display screens. Crash research into TV had the happy side effect of 
stimulating the production of radar screens, and high frequency. 
high power valves. 

Colleagues recall that Blumlein had an idea for producing a visual 
indication. by acoustics. But the speeds of the aircraft got to high. 
Then he had an idea for a radar that got not only the direction of the 
aircraft but its height. This was done by having a single transmitting 
aerial and three receiving aerials spaced around it at a distance of 
about 50 yards in a triangular formation. 

EMI gave a demonstration of this in December 1939 to the Tele- 
communiations Research Establishment at Malvern. This lead the 
Ministry of Defence to contract EMI to improve existing radars and 
develop new ideas. 

In January 1940 Blumlein and colleagues from EMI went to 
Dundee to pick up an early model of an airborne flight interception 
radar which would not work at a range of less than about 1,000 feet. 
At night this was too far away for the pilot to be able to see the plane 
he was chasing. Blumlein's team at EMI produced a system that 
worked down to about 400 ft. It was known as Al Mark IV. 

Next came Mark VI Al. which was originally intended for two 
seater fighters. but was later used in single seaters because it was very 
easy to Operate. But by the time the system was in production cen- 
timetric radar, which had very much better angular resolution. was 
available. This relied.on the magnetron which had recently been 
developed at Birmingham. 

A narrow beam is needed to get the direction accurately. and this 
either required a very large parabolic mirror (like a modern satellite 
dish aerial) or a very short wavelength. Obviously an aeroplane 
cannot carry a mirror bigger than three or four feet. But if the 
wavelength can be reduced to about 10 cms the mirror can be 
smaller. 

Valves could generate radio waves down to a metre, but not much 
below that. The breakthrough at Birmingham was in producing an 
improved magnetron which was capable of handling kilowatts at 
centimetre wavelengths. 


Home Sweet Home 

H2S (Home Sweet Home) was a centimetric Airborne Plan Posi- 
tion radar. The Telecommunications Research Establishment (TRE) 
at Malvern had noticed that Al radars could pick up echoes from the 
ground down below. So they had the idea of modifying the system to 
display a map of the ground down below. This would then be used to 
help bomber crews find their targets at night and in bad weather. 

Blumlein was seconded from EMI at Hayes to TRE in Malvern. 
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TRE is now the Royal Signals Radar Establishment. RSRE. Here 
the records become hazy. RSRE has none of his original notes. [n 
the war years. TRE boffins had more pressing things to do than keep 
notes of everything they did. Because Blumlein was employed by 
EMI. not TRE. any reporis he wrote would have gone back to EMI. 
If so. they are lost. Although he filed patents in the late 30s, which 
for security reasons were not published until after the war. they give 
only the barest technical details. 

But the history of radar shows how. by 1940. Blumlein's Air Inter- 
ception Mark IV radar operated automatically and thus enabled the 
air gunner in a Defiant night fighter to man both his gun and radar at 
the same time. By the spring of 1941. the accuracy of the system had 
improved sufficiently for one aircraft to detect another in the air 
several miles away. 

EMI at Hayes and TRE at Malvern worked separately on H2S 
Plan Position radar. By early 1942 things were looking hopetul. Sir 
Bernard Lovell. later famous for his work with radio telescopes at 
Joddrell Bank. was brought in to head the team. The Secretary of 
State for Air gave instructions for six Blenheim bombers flights to be 
made to find out once and for all whether objects of interest on 
the ground could be distinguished from unwanted clutter. Halifax 
bombers were chosen for the next round of tests and on May 14th 
the team from EMI arrived at Hurn after a modified Halifax bomber 
had been delivered by Handley Page. At the end of the month every- 
one decamped from Hurn to Defford. near Malvern. because it was 
feared that Hurn was too vulnerable to parachute attack. 


Flight Of Destiny 

On June 7th 1942 Halifax number V9977 took off from Defford. 
crammed with experimental radar gear. It was a Sunday, the one day 
of the week on which the aircraft could be spared trom other tests. 
Although there was no EMI gear on V9977. a team of EMI scientists 
including Blumlein flew on the test mission to see how the TRE 
equipment. powered by 4 magnetron. performed. One EMI man, 
Felix Trott, missed the flight because he went for a cup of tea. He 
was a very lucky man. 

The cause of the accident has always been a mystery. The only 
crash report was a Ministry of Defence index card which blames a 
fire in the starboard engine which started because the crew tried to 
start it after it failed. and the fire extinguishers on the plane were 
empty. The MoD card suggested that the extinguishers had "prob- 
ably” left the makers empty. This led Blumlein's wife to suspect 
sabotage. So did Sir Isaac Shoenberg. who headed EMI's research 
department. 

In the mid eighties, RSRE scientists set about piecing together 
what actually happened. They searched old service records and 
notebooks. interviewed the makers of the aircraft. an engineer who 
had investigated the failed engine and even a farmer who had 
narrowly escaped being hit by the crashing plane. 

The Halifax had only recently been built. by English Electric at 
Preston in Lancashire. It had four Merlin engines, three made by 
Rolls Royce at Crewe and the fourth in the US. 

The plane took off at 14.50 hours on the Sunday afternoon. All 
eleven people on board, five crew and six scientists, were at the front 
of the aircraft. either flying it or peering at the radar screen. The pilot 
was experienced. but had only flown for thirteen hours in a Halifax. 
His crew members were inexperienced. 

The Merlin engines had recently undergone a safety check. Rolls 
had found that the valve tappets tended to increase their clearance 
under running conditions. So Rolls advised a slight reduction in in- 
itial clearance. Each engine had 48 lock nuts and there were four 
engines. So fitters in the field had to loosen a total of 192 lock nuts. 
adjust all the tappets and then tighten all the nuts again. Inevitably 
some nuts were not fully tightened. 

As the Halifax flew over the South West of England. a tappet nut 
in the starboard outer engine (one of the three Merlins on the plane 
which had been made in Britain) started to come loose. This put 
excessive strain on its valve which fractured. Once the inlet valve 
failed, it was only a question of how long the aircraft could stay in 
the arr. 


Fire 

The aircraft was at 15,000ft over South Wales when fuel started to 
spill and catch fire. The propellor continued to turn. like a windmill. 
pumping fuel to worsen the fire. The fire flashed back towards a 
main tank containing 247 gallons of unused petrol. The pilot had no 
way of knowing whether the automatic fire extinguishers and fuel 
valves had successfully isolated the fire in the engine bay. They had 
not. The engine fitter would not have had time to crawl down the 
aircraft to the main fuel cocks, to isolate the tanks. 

Once the fire had flashed back to the main fuel tanks the aircraft 
only had a few minutes of survival time left as its structure burned 
away. Although the aircraft was still at sufficient height for 
parachute escapes, no-one bailed out. Immediately after the accident 
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the authorities tightened up on the reguirement that all scientists 
must carry parachutes. The implication was clear. There were not 
enough parachutes on board for the scientists as well as the crew. 

The burning aircraft was over rough terrain. It still had 1,600 gal- 
lons of fuel on board. The pilot descended over the Forest of Dean 
towards Goodrich where there was some flat land. 

But as the plane flew low over the Wye near Welsh Bicknor. at 
around 4.20pm, the starboard wing burned through and broke off. 
The remainder of the aircraft rolled over and fell out of the sky 
exploding as the petrol tanks ruptured and ammunition on board 
detonated. 

In wartime, no one is indispensable. On July 3rd 1942 Winston 
Churchill ordered that two squadrons of aircraft be fitted with Blum- 
lein's radar by October. EMI produced fifty complete sets by the end 
of the year. The first bombing raid which used the equipment was on 
Hamburg, on the night of January 30th 1943. The returning pilots 
enthused over the equipment. One estimate is that Blumlein’s radar 
reduced U-boat losses in the North Atlantic from 400.000 tonnes a 
month in March 1943 to less than 50.000 tonnes just three months 
later. 

It is not hard to see why the Government postponed any an- 
nouncement of Blumlein's death for three years. 

Even if there is no biography ready for the fiftieth anniversary of 
the Halifax crash, RSRE plans to unveil a memorial in June 1992, 
English Heritage has offered a site for the memorial at Goodrich 
Castle, two miles north of the crash site. RSRE's library at Malvern 
is collecting contributions for the memorial. 


Biographical Concern 

Alan Blumlein's son. Simon, has waited patiently for a biography 
but now says he is “very concerned”. 

The bizarre story began with a 1967 article by B.J. Benzimra in 
which the author called for reminiscences from those who knew 
Alan Blumlein to be sent to the inventor's son Simon. Benzimra's 
dream was to “raise this forgotten man from the dead“. The next 
year, at a seminar on Blumlein's life organised by the British 
Kinematograph Sound and Television Society (BKSTS). Simon 
Blumlein spoke about his father and said he hoped with Benzimra to 
write a biography. 

Unfortunately Benzimra had to abandon the project through ill 
health (he later died) and it was then taken over by a Mr Francis 
Paul Thomson of Watford. 

Francis Thomson began making private and public calls for 
biographical material, in 1972, using son Simon Blumlein's name 
and with the Blumlein family's blessing. Because no book has 
appeared Thomson still holds the material collected. Please reply by 
30 November, 1972. recipients of a letter from Thomson were asked 
and given eighteen points on which to respond. 

In September 1973 “Wireless World“ carried a letter from Rex 
Baldock, organiser of the BKSTS seminar, suggesting that anyone 
with information on Alan Blumlein should send it to Mr. Thomson 
at his Watford address. 


Extraordinary Events 

At the 1977 unveiling of a plaque on the house in Ealing where 
Blumlein once lived, Mr. Thomson gave a speech in which he told 
how he had been "persuaded to write a biography". By 1981 he said 
he had accumulated about one and a half hundredweight of material 
and traced Blumlein's ancestry back to the early 15th century. 

In 1982, in the fortieth anniversary year of Blumlein's death, 
“Wireless World“ reported Mr Thomson as saying that he expected 
his biography on Blumlein to be published in mid-1984 and had 
“found some very interesting material about Blumlein's father and 
maternal grandfather who had much influence on him“ and that 
“research into the family has taken him into such fields as mediaeval 
tapestry when he found the coat of arms of the Blumlein family of 
Strasbourg in a 500 year old tapestry.” 

In the 1982 edition of Who's Who. the entry for Francis Thomson 
lists books on banking and tapestry, and a biography (with Simon 
Blumlein) entitled “A.D. Blumlein, Inventor Extraordinary". Publica- 
tion date was given as 1977. 

The next edition of "Who's Who" referred to "Engineer Extraor- 
dinary: a Biography of Alan Dower Blumlein", omitted any mention 
of Simon Blumlein and gave the püblication date as 1983. By 1984 
all reference to Blumlein had disappeared from Thomson's entries. 

Last year Thomson blamed an un-named publisher for the delay. 
Later he said that unification of the EC in 1992 will "so completely 
turn the public's attention away" as to make publication of a biog- 
raphy in 1992 “a wasted effort". He then promised a "bang" in 
"virtually every country globally at a time suitable". Next he claimed 
to have written "five biographies of Blumlein" and that "the Mark 
IV version went to the publishers months ago". Then (June 1990) he 
said he would publish an "abridged autobiography" (whatever that 
may mean) "internationally in 1991/92". 
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Simon Blumlein, like his mother who died recently without ever 
seeing the biography of her late husband, has become progres- 
sively less happy about the biographer's interest in distant and 
tenuous links between the two families. Parallels being drawn at 
great grandfather and junior school level which, as Thomson puts it. 
have "enabled me to piece together an important basis to account 
for his genius". 

Simon Blumlein does not know what biographical material has 
been supplied to Thomson, and by whom, and what will happen to it 
in the future. This is because the Blumlein family agreed in 1972 that 
all material received from those who knew Alan Blumlein should for 
convenience be sent to and held on behalf of the Blumlein family by 
Francis Thomson. Some of the people who supplied material for the 
book are believed now to be dead. 

While the book remains unfinished, other researchers are unable 
to access whatever historical material Thomson was supplied. 

“I hold the world copyright of very many of the photos and 
illustrations of Blumlein from circa the early 1900's; 1 hold the 
negatives of very many Blumleinalia materials" confirmed Francis 
Thomson last year. warning that anyone thinking about publishing 
their own biography "should ensure... copyright clearance of both 
illustrations and text” 


Help Simon 

Simon Blumlein now runs a record shop in Petersfield. He would 
welcome hearing from anyone about original material and may be 
contacted at his shop ( Blumlein's, 9a Dragon Street, Petersfield 
GU3I 4JN). 

Says Simon Blumlein: “I just want to see my father's achievements 
more widely recognised, which was the original aim of the biog- 
raphy. One of the last things my mother told me was that she wanted 
that too. 

We want to be sure that material submitted in good faith to 
Francis Thomson and myself by people who knew my father is 
safe and secure and that bona fide researchers can eventually be 
guaranteed access to it. We do not want to see the Blumlein and 
Thomson families tenuously linked by ancestral coincidences. Apart 
from anything else, it's hard to see who. other than the biographer, 
could possibly be interested in such matters.“ 

The latest twist in the tale is that now, nearly twenty years on, 
Thomson is calling for yet more material. He asks for copies of 
papers and articles in a form “suitable for direct production of 
printing plates”. This suggests that the long-awaited biography may 
depend heavily on re-prints of previous material. Thomson now 
writes of the biography “being ready for publication in 1992-3". 
This confirms what many people have long feared. namely that the 
50th anniversary date will be missed. 

The Institution of Electrical Engineers. of which Francis Thomson 
is a member, now says it is "concerned" but admits that “it is dif- 
ficult to exert other than moral pressure where-records are held by 4 
private individual” 


A Lancaster bomber fitted with H2S, the airborne 
radar system used to provide a plan position indica- 
tion (PPI) of features of the ground below and used 
as aids to navigation and “blind” bombing. 
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Constructional Project — — — 


POLARITY 
CHECKER 


C. H. GREAVES =€- 


A simple and inexpensive lightweight 
tester for speaker leads, car wiring etc. 
Various methods of construction are 


described. 


HEN wiring up a PA system with 
W: sets of speakers, the problem of 

identifying which wire was which of 
an uncoded twin cable. arose. Balancing a 
multimeter. at the top of a ladder, in a 
position that made for easy reading. was 
not feasible. Something was needed that 
was light enough to dangle from its own 
croc clips. 


THEORY 


An l.e.d. is a one-way device and will 
only light up if the polarity is correct. So, 
any l.e.d. with suitable series resistor 
should do the trick. Better to use two, 
back to back. Then the polarity will be 
indicated by whichever of the two lights 
up. If the l.e.d.'s each emit a different 
colour, polarity will be obvious at a 
glance. It is possible to obtain a red and a 
green l.e.d. encapsulated together and this 
yields the neatest result. 


CIRCUIT 


There are just two types of component 
used in this circuit; an l.e.d. and a drop- 
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ping resistor. See Fig. |. The supply to the 
far end of the cable is a PP3 battery — the 
circuit must not be connected to a high volt- 
age. 

In the prototype a 270 ohm resistor was 
used with a further 150 ohm in series 
which could be shorted with a switch. The 
purpose of this was to enable the device to 
be used with either a 9V or 12V supply. In 
practice it was found that a single 430 
ohm resistor can be used for both supplies 
without drastic drop in brilliance when 
the supply is only 9V. 

The i.e.d. can either be a bi-colour 
device or two different colour l.e.d.s. 


REO LEAD 


CONSTRUCTION 


A matchbox would be more than ade- 
quate in size to house the components, 
but does anyone make so small a box? 
You can obtain a potting box which is 
somewhat less than 25mm cube but this 
is uneconomic unless you are potting 
something else at the same time. A box 
roughly 125 x 30 x 30mm was used for the 
prototype. Since then, a variety of 
enclosures have been used, e.g. adhesive 
plaster stripping spool (Fig. 2): "Tic-Tac" 
box (Fig. 3); ball point pen (Fig. 4). 

If you look around you will probably 
find other suitable containers (like the 
boxes inside "Kinder Eggs"). Where the 
container is of clear plastic, the l.e.d.(s) 
may be housed inside it. 

The "pen" version is by far the most 
difficult to construct due to the tight fit of 
wires and components. The green lead is 
passed through the hole in the side and 
out of the pen top and soldered to the 


GREEN LEAD 


— — a at 


Fig. 1. Complete circuit diagram for the 
Polarity Checker. 


The various methods of construction 
are shown left 


COMPONENTS 


D1 Bi-colour l.e.d. or red and 
green l.e.d.s. (Dlaand 
D1b) 
R1 430 ohm '4W carbon 
resistor 
L.E.D. clips; small gom- See 
mets; red and green croc- 


clips (4 off); PP3 battery SHOP 
clip; PP3 battery; case - TALK 


see text. Page 


Approx cost guidance only 


£1 to £2.50 


excl. battery 
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L.E.D. 


BICOLOUR | 


| GREEN 


Fig. 2. Construction in an adhesive 
plaster spool. 


LONG LEAD 


a 


Fig. 5.Veroboard wiring for a bi-colour 
ted. (a) and for two separate Leds 
(b). No breaks are required in the cop- 
per strips. 


resistor wire. At the same time the flexible 
wire foz the probe is fed up to the pen top 
and soldered to the long lead of the l.e.d. 
One or other of these leads will need in- 
sulating to prevent the l.e.d. being shorted 
out. This would not harm the device but 
might give a misleading result if you were 
checking for the presence of a voltage. A 
short length of heavy gauge copper wire 
was used for the probe. Brass would be 
better. 

For those who like everything on a 
board. a small piece of stripboard will 
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| LEAD NEAREST 
LIGHT IS POSITIVE 


BICOLOUR 
L.E.D. 


suffice. Fig. Sa shows the arrangement for 
a bicolour Le.d. The "Tic-Tac" version 
uses two l.e.d.s and a board connected as 
shown in Fig. 5b. This is not visible in 
Fig. 3 as the bottom part of the box has 
an insert of stiff card to hide the "works" 
and bear the legend "Lead nearest light is 
positive". or similar. This is the “junk- 
box" version, so I actually used a couple 
of second-hand 220 ohm resistors in series 
and the wire came from interconnecting 
wire from an old TV. 

In the bi-colour l.e.d. versions the leads 
and croc clip insulation were colour- 
coded. (When the long lead of the 
bicolour Le.d. is positive the colour is 
red.) The "plaster" box uses this type of 
arrangement and in addition the croc-clip 
leads emerge via a slot so that when not in 
use they may be wrapped round the spool 


in the spare space inside. This is the 
version I like best 


IN USE 


The PP3 is applied to one end of the 
pair of wires with croc-clips. At the 
remote end the tester leads are attached 
and the colour, or position of the light, 
indicates which lead is positive. There 
should be no trouble with volt-drop in the 
cable as the tester will indicate with only 
3V across its leads. 

Since the device was made, it has also 
frequently been used for detecting live 
wires (or vice versa) in car wiring. There 
should be no problem here even if the 
alternator is charging as the maximum 
led. current of 30mA corresponds to 
about 14.5V across the leads. 
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Simple Model Series -= 


A MICRO 
MICRO 


A novel series which combines 
two hobbies in one - electronics 
and model-making. Simple 
electronics circuits combined 
with easy-to-assemble models 
will cover a wide range of 
interests. There will be whimsical 
models and realistic scale models. 
There will be models for the 
railway enthusiast, miniature 
furniture for the Aoll’s house, and 
toys for allages. The models that 
form the first six parts of the 
series are: Police Car; Musical 
Roundabout; Micro Micro; 
Centurion Tank; Mini 

Microwave; 
Christmas 
Novelty. 
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& 2 PROJECT 3 
Jn this series we use integrated 
circuits as much as possible to keep 
the wiring simple and to cut down 

on the size of the circuit boards. 
Assembly by the Vero Easiwire 
wire-wrapping system means that 
model-makers need not worry 
about soldering. 

Circuit-boards made of card are 
provided by us. They show whereall 
the components should go, so there 
should be no problems with getting 
everything to work first time. All 
projects are battery- powered for 
safety. 

Models are made of easily handled 
materials such as cardboard, plastic, 
modelling compound and other 
inexpensive items that can be 
obtained from any modelling shop. 
You will also need some adhesives 
and paints or crayons. 

Few tools are required other thana 
pair of scissors, a steel ruler and a 
craft knife. 


HIS month we announce a major 
| breakthrough in microcomputer ar- 
chitecture — the single-chip Micro 
micro. This is a working model micro, 
made to twelfth-scale. to add an up-to-date 
touch to a doll's house. It stands on a 
miniature computer desk, and has a colour 
monitor and a touch-sensitive keyboard. 

When we state that it is a working model, 
we do not mean that the micro is actually 
able to run your favourite computer game 
but, nevertheless. it looks as if it is in the 
process of doing so. When the power is 
switched on. the red pilot l.e.d. on the com- 
puter glows and the screen of the monitor 
lights up. displaying a frame from a chosen 
program in full colour. If you touch the 
keyboard, a cursor begins to blink, flashing 
continuously for about half a minute. 

Dolls’ house enthusiasts will know that 
although there is a wide range of ready- 
made doll's house furniture available, al- 
most all of the best quality items are based 
on Victorian styles. This is understand- 
able. because dolls’ houses first became 
fashionable in Victorian days. 

When we began to furnish our dolls’ 
house, which has a Georgian exterior, we 
decided that we would furnish it as a 
modernised Georgian house, lived in by 
20th century people. Instead of a parlour- 
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maid's room with feather dusters. a coal 
scuttle, and mid-19th Century bric-a-brac. 
our house has a teenager's bedroom with 
posters on the wall, a duvet on the bed, and 
a-micro for helping with the A-Level Maths 
homework. 


MATERIALS AND 
TOOLS 


The model is built from thin card or, 
better, from plastic sheet and extrusions 
available from a modeller's store. A cutting 
list is given later in the article. Our plastic 
was coloured in various shades of "com- 
puter-grey”. which means that there is no 
need to paint the model. The pieces are cut 
to size using a craft knife, junior hacksaw 
or stout (but sharp) scissors, finished with 
sand-paper or a fine file, and stuck together 
with modeller's plastic cement. 

It is useful to have a steel rule graduated 
in millimetres for marking out the pieces. 
A sharp steel point is used to rule the 
lines. We have also found that a sub-mini- 
ature electric drill is a great asset. These are 
available from electronics mail order sup- 
pliers. The one we use works on 6V to 
18V d.c., and has bits ranging in size from 
0.6mm to 1.6mm diameter, a small (15mm 
diameter) circular saw, and various other 
useful tools. 

Plastic cement takes about two hours to 
set hard. so-an assortment of small clamps. 
bulldog clips and similar devices is invalu- 
able for holding the pieces together while 
the glue dries. 


POWER SUPPLY 


Many dolls’ house owners have installed 
a low-voltage electricity supply, even 
though it may be used to light replicas of 
Victorian gas lamps. This project operates 
on a power supply in the range 6V to 12V. 
However it is essential that the power 
supply unit is one that produces direct 
current (d.c.). A p.s.u. that is simply a 
low-voltage transformer producing alter- 
nating current (a.c.). is unsuitable for this 
model. If your house has an a.c. supply. 
instal a separate circuit for the micro and 
power this from four "D" type cells in a 6V 
battery holder. 


DESK TOP 


HANDLE 


MONITOR 
SCREEN 


The most realistic way of simulating a 
monitor screen is to use a 35mm colour 
transparency. You could use any suitable 
photograph but it is obviously better to 
photograph the screen of a real computer. 
Load and run a program on the computer 
to obtain a suitable static display. You 
need a camera that focusses at short dis- 
tances, so that the computer screen almost 
fills the viewfinder. A single-lens reflex 
camera is ideal as this can be aimed 
accurately at close range. 

Darken the room to avoid extraneous 
reflections from the computer screen. Ad- 
just the aperture so that an exposure of at 
least 1/5 of a second is required. This al- 
lows the raster to be displayed 10 times or 
more during the exposure, and the image 
will be equally bright all over the screen. 
With a shorter exposure you tend to get a 
bright band on part of the screen and dark 
bands on the remainder. 

While on the subject of photography, a 
finely detailed keyboard can be obtained by 


LEG ASSEMBLY 


Fig. 1. Construction of the computer 
desk fram plastic materials. 


photographing the keyboard of a real com- 
puter. We did not use this technique for our 
prototype but it adds a further touch of 
realism to the model. Use a colour print 
film for this and take the photograph at as 
short a range as possible. Have a colour 
enkirgement made so that it shows the key- 
board exactly one-twelfth its actual size. 
Stick this on the keyboard base. 


THE COMPUTER 
BENCH 


Although we deal with the units of the 
madel separately, the lengthy drying time 
of the glue means that you will have all of 
the units under construction at once, all at 
different stages of completion. 

The computer desk is shown in Fig.] 
this can only sensibly be made using plas- 
tic from a model shop. Each leg assembly 
consists of two horizontal members and 
one vertical member cut from Smm I-girder 
plastic. The vertical members have a 5mm 
slot cut at each end, to fit over the horizon- 
ta! members. Glue the horizontal members 
in place so that they project 14mm be- 


WIRE-WRAPPING 
To mount the components, use a sharp point, such as the 


point of a drawing-compass or the pointed Vero utility tool. 
to pierce the circuit card where indicated. Push the leads of 
components (or the i.c. terminal pins) through the holes, so 
that the components lie flat against the component side of 
the card. Turn the card over to the wiring side and, if neces- 
sary, cut the leads to about 3mm long. 

Plan the wiring so that. where several points have to be 
connected together this is done with a single long run of 
wire, not with separate lengths of wire for each connection. 

The wrapping wire has no insulation. Where wires cross 
(e.g. between the i.e.s on the main board) first lay one wire 
in place. Cut a small rectangle of p.v.c. insulating tape and 
press this down over the wire. at the crossing point. The 
second wire may then be laid in place on top of the tape. 

Off-board connections are made using eyelet terminals. 
Push the “legs” through the hole in the board and splay 
them out slightly to hold the eyelet in place before wire 
wrapping. To connect the flying lead simply wrap the joint 
between the lead and eyelet. 

Wire-wrapping joints are surprisingly strong and survive 
normal handling. To make them more secure, spray the 
completed board with a printed circuit lacquer. 


Everyday Electronics, Seprember 1991 585 


hind the vertical members. Give the as- 
semblies plenty of time to harden. then glue 
them to the underside of the table. The 
upper horizontal members are Smm from 
the ends of the table top, and set back 
2.5mm from the front edge. Glue the ends 
of the modesty panel to the vertical mem- 
bers of the leg assemblies. 

The drawer supports consist of rec- 
tangles of 0.5mm sheet plastic with lengths 
of 2mm angle plastic glued to their edges. 
The upper angle piece turns out and the 
lower one turns in on each support. To 
ensure a good fit. make the drawer before 
gluing the supports to the underside of the 
table top. 

Glue the four 32.5mm lengths of angle 
plastic to the bottom of the drawer, so that 
they run exactly along the edges of the 
bottom, with their corners neatly mitred 
together. Then glue the sides and back to 
the angle plastic. Glue the four 6mm angles 
in the corners, and glue the handle to the 
centre of the drawer front. Finally glue the 
drawer front to the rest of the drawer, so 
that its top edge is about 1.5mm above the 
top edges of the sides and back. 

The feet are made by cutting the 
threaded parts away from four round- 
headed nylon bolts. Paint the heads black 
before sticking them to the leg assembly. 
The feet do not project beyond the ends of 
the horizontal members. 


THE COMPUTER 


The bottom of the computer is made 
from 2.5mm sheet but the sides and top are 
cut from 0.5mm sheet. Bore a hole iri the 
left side, to take the twin leads that go to 
the keyboard (Fig 2). Bore a Imm hole 
near the top left corner of the front for the 
pilot lamp. This can be left as a hole but. if 
you can obtain a piece of Imm optical fibre 
about 3mm long and glue this into the hole. 
projecting about 0.5mm at the front. the 
pilot light looks more realistic. Light is 
channelled from the Le.d. inside the com- 
puter and the luminous point then appears 
at the front end of the fibre. 

The front is marked to resemble the front 
of a PC with twin disc drives. The "slots" 
are | Imm long. Selected portions cut from 
a sheet of rub-down lettering give the disc 
drives a neat appearance. 

Glue the front and side panels to the 
edge of the computer bottom. Use 8mm 
lengths of angle plastic at the corners to 
fix the front to the sides. Glue the mitred 
angle plastic around the top edges of the 
box. ready to support the top panel. Before 
fixing the top panel in place. it is advisable 
to build and instal the circuit board (see 
below). Thread the keyboard leads through 
the hole in the side panel and wrap them 
around the terminals on the circuit board. 
Adjust the position of D2 so that it is close 
behind the pilot lamp hole, and touches the 
end of the optical fibre, if present. 

Bore a 2.5mm hole in the centre of 
the top panel, thread the three monitor 
leads through this and glue the panel to 
the angle pieces. Bore a hole in the back 
panel to take the twin power leads. Stick a 
39mm angle-piece along the top. and bot- 
tom edges of the back panel, about 0.5mm 
from each edge. Thread the power leads 
though the hole and push the back panel 
into place. 


THE KEYBOARD 


Cut the base from 2.5mm sheet, round- 
ing the edges and corners slightly with a file 
(Fig.3) Cut the key panels from 0.5mm 
shtet, preferably of a contrasting tone, or 


586 


CENTRAL HOLE FOR 
LEADS TO MONITOR 


HOLE FOR KEYBOARD 
LEADS 


HOLE FOR PILOT 
LAMP 


MÁIN KEY PANEL 


KEY -PAD 


Fig. 2. The computer and keyboard. 


BARE WIRE 


TILT SUPPORT 
(BEHIND) 


Fig. 3. Keyboard wiring. 


use rectangles cut from colour prints, as 
described earlier. 

Bore two holes in the base and in the 
main key panel about 2mm apart. The 
holes are different distances from the front 
edge of the panel. so that the leads have to 
be bent twice, holding them firmly in 
Position (Fig.3). Cut the wires about 80mm 
long, strip their ends and thread them 
through the holes, bending them as you 
stick the key panels in position. Clip the 
exposed bare ends almost flush with the 
key panel. Glue the keyboard tilt support 
to the underside of the base, about Imm 
from the rear edge. 


THE MONITOR 


File the pedestal base to give it bowed 
and bevelled edges. Glue it to the top of the 
computer so that the hole in the base coin- 
cides with the hole in the top panel. The 
monitor is supported on a tripod of three 
short lengths of I-girder, but these are con- 
cealed within a circular collar (Fig.4). Wind 
the 65 x 5 rectangle around a cylindrical 
object about 18mm in diameter, so that its 
ends overlap. Immersing the plastic in hot 
water or exposing it to steam helps to put 
a permanent curl into it. Glue the overlap 
and clamp the ends firmly (crocodile clips 
work well) until it is fully dry. Glue the I- 
girders to the inside of the collar, then fix 
the assembly centrally on the base. 

The monitor frame may have slightly 
bowed edges. The aperture is cut by drilling 
a row of fine holes just inside a 26 x 18 
rectangle drawn on one surface. Cut the 
plastic between the holes with a finely 
pointed knife and remove the central rec- 
tangle. File its edges to make them smooth 
and to bevel the edges out at 45 degrees to 
a 31 x 23 rectangle at the front. Note that 
the lower side of the frame is 3mm wide but 
the other sides are 2mm wide. As with the 
pedestal base, the aperture can have a 
bowed shape. as in most TV sets and 
monitors. 

Glue the mitred angle-pieces to the rear 
of the frame, so that their outer edges are 


KEY PANEL 


GROOVE 


INSULATED WIRE 


about Imm from the edges of the frame. 
or 2mm from the bottom edge. and they 
form a rectangle measuring 33mm x 25mm. 
Glue the side panels and bottom panel to 
the angle-pieces. and strengthen the bot- 
tom left and right corners with 2mm angle- 
pieces. 

Remove the screen transparency from its 
plastic mount. Trimming the edges of the 
transparency a little at a time, reduce it 
to the exact size to fit behind the frame. 
Check that it is a good fit before gluing it 
in place. Place a small spot of clear ad- 
hesive (e.g. Bostik) at the four corners of 
the frame and press the transparency gently 
into place. There is to be a diffusing screen 
behind the transparency to scatter the light 
coming from the filament lamp. We used 
matt-surfaced plastic drafting film, but thin 
paper could be used instead. This too is 
fixed in place by four small spots of glue at 
the corners. 

Bore four Imm holes in the lamp-mount 
(Fig.5) and glue it in position. Thread a 
10mm piece of sleeving (or plastic tube) 
over one lead of the filament lamp LPI; 
thread the wires of the lamp through the 
two holes on the left, and use clear adhesive 
to glue the sleeving to the mount, so as to 
support the wire vertically, and hold the 
lamp about 12mm above the bottom of the 
monitor case. Push the leads of the flashing 
l.e.d. through the other two holes (anode 
wire to the right). Push the Le.d. toward the 
screen and use a small amount of clear 
adhesive to glue its tip to the rear of the 
diffuser. This glued contact makes the l.e.d. 
show more distinctly, simulating a cursor. 

Thread the leads from the circuit board 
up through the hole in the base of the 
monitor. Glue the monitor to the tripod 
girders of the pedestal. Make the connec- 
tions shown in (Fig.5). Test the operation 
of the circuit, viewing the screen from the 
front to check that the illumination is satis- 
factory. It may be that the plastic used for 
the monitor case is not completely light- 
proof. If this is so, line the top. sides and 
rear with thin white card or self-adhesive 
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MONITOR BASE 


MONITOR BACK 


MONITOR 
TOP 


SE AP 


PEDESTAL COLLAR 


CUTTING LIST 


All dimensions in millimetres 


Plastic sheet, 2.5 thick 
Table top, 100 x 55 
* Computer bottom, 40 x 36 
* Keyboard, 44 x 15 
* Monitor frame, 35 x 28 
* Monitor pedestal base, 22 x 22 


Plastic sheet, 0.5 thick 
Can be cut with sharp scissors 
Drawer bottom, 32.5 x 32.5 
Drawer sides and back, 32.5x 10 
(3 off) 

Drawer front, 38 x 15 
Drawer supports, 32 x 12 
Modesty panel, 95 x 32 

* Computer front, 40 x 14 

* Computer back, 41 x 15 

* Computer top, 40 x 36 

* Main key panel, 24 x 8 

* Key-pad panel, 6 x 8 

* Monitor sides (2 off) 

* Monitor top, 34 x 21 

* Monitor back, 34 x 22.5 

* Monitor bottom, 34 x 28 

* Monitor pedestal collar, 65 x 5 


Plastic I-girder, 5 x 2.3 
Table leg assemblies, horizontal 
members, 50 (4 off) 
Table leg assemblies, vertical 
member, 47.5 (2 off) 
Monitor pedestal supports 5 (3 off) 
Lamp mount 27 


Plastic angle, 2x 2 
*indicates mitred both ends unless 

otherwise stated 

Drawer, 32.5* (4 off) 

Drawer, 6 (4 off) 

Drawer supports, 32 (4 off) 

Drawer handle, 13 

COmputer, 40%, 39 (2 off), 
34* mitred one end (2 off), 
8 (2 off) 

Keyboard tilt support, 25 

Monitor, 33* (2 off), 33 (2 off) 
25% (2 off), 22 (2 off), 16 (2 off) 


Miscellaneous 
Nylon bolts*with round heads 
approx 7mm diameter (4 off) 

If using cardboard for the construction 
of the computer the items marked” are 
not required. These are replaced with 
the card available from EE or with the 
kits (See Shop Talk and the special offer 
page) or with card photostatted with the 
diagrams shown on this page. Various 
thicknesses can be made up by laminat- 
ing the card. 
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Fig. 4. Construction of the pedestal. 
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Fig. 6. Circuit for the Micro Micro. 


plastic sheet (e.g. Fablon. Contact). Glue 
the top panel in place, using fhe 16mm 
angle-pieces. The rear panel is a push-fit 
into the back of the monitor case: a small 
lump of Blutack will help to keep it in place 
if the fit is not tight enough. 


HOWIT WORKS 

The red l.e.d. DI (the pilot lamp) and the 
filament lamp LPI (Fig.6) are powered di- 
rectly from the 6V supply and are on for as 
long as power is supplied. The flashing 
Led. D2 is one that has an internal circuit 
which makes the le.d. flash on and off 
whenever power is applied. 

Power for D2 comes from the output 
(pin 3) of ICI. This ic. is the CMOS 
version of the well-known 555 timer. Here 
it is connected in monostable mode, with 
an "on" period of about one minute. The 
timer is triggered into action by a low- 
going voltage at its input terminal, pin 2. 
This is provided from two transistors con- 
nected as a Darlington pair. The device 
used in this circuit, the MPSA14, has the 
two transistors already connected in a 
three-terminal package. 

Normally. the base of the first transistor 
is held low at OV because of the connection 
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Fig. 5. Arrangement and wiring 
of the monitor components. 
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Fig. 7 (right). Circuit board for the 
Micro Micro. 


through RI. This transistor is off and sup- 
plies no base current to the second transis- 
tor, which is also off. As a result of this, the 
collector of the second transistor and the 
trigger terminal of ICI are at + 6V. 

The base of the first transistor is con- 
nected briefly to the +6V rail by touching 
both probe wires to short-circuit them. A 
current flows to the base and the transistor 
is turned on. The current flowing through 
this transistor turns on the second transis- 
tor, and the voltage at its collector falls 
sharply. This low-going voltage triggers the 
timer. 

Since the emitter current of the first 
transistor becomes the base current of the 
second transistor, this combination of tran- 
sistors has very high gain. Typically it is 
around 10,000. Thus a very small current, 
such as that flowing when your finger-tip is 
bridging the probe wires, is sufficient to 
trigger the timer. 


BUILDING THE 
CIRCUIT 


The circuit is assembled on a piece of 
thick (2mm) card. which is a loose fit in 
the computer case. Make the holes for the 
wires and leads. using a sharp point or a 
Imm drill (Fig.7). It is better to stick the i.c. 
socket and the capacitor to the board with 
clear adhesive. Wiring up is simple as there 
are only two places where the wires cross. 
A small rectangle of p.v.c. insulating tape is 
used to keep the crossing wires from con- 
tacting each other. 

To test the circuit. connect the flashing 
led. D2 to the board observing polarity. 
The cathode is usually indicated by a 
chamfer on the body of the led. and 
having the shorter of the two leads. When 
power is applied. the red led. DI lights. 
and the red flashing led. D2 begins to 
flash about twice a second. It continues to 
flash for about a minute, then stops. To 
make it start flashing again, the keyboard 
terminals must be shorted. Either attach 
the keyboard and touch the bare wires with 
a finger-tip. or touch the two terminals with 
your thumb and with a finger of the same 
hand. 

It helps to make the assembly permanent 
if the wiring side of the board is sprayed 
with p.c.b. lacquer once the circuit has been 
checked. 

When the circuit is installed in the com- 
puter, only one wire goes from the board to 
the lamp LP1. The return connection from 
the lamp is by way of the lead that goes to 
the cathode of D2. (See Fig.5). 


KEYBOARD 
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INSULATING 
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TAPE 


Place the computer on the right-hand 
half of the table, with the keyboard in front 
of it. The micro is now ready for its place of 
honour in the Teenager's Room, or per- 
haps the Study. in the dolls house. If you 
need a chair for the operator, there should 
be plenty of plastic scraps left over with 
which to make a 5-castor office-type chair. 
Perhaps you can model a printer and a 
mouse too, to complete the system. | 


COMPONENTS 


Resistors 
R1 10M 
R2 10k 
R2 1M 
R4 390 (560 for 12V supply) 
All carbon, 0.25W, 5% 
See 


Capacitors SHOP 


C1 47yF elect. 12V TALK 


Semiconductors Page 
D1 light-emitting diode, 3mm, 
red 
D2 flashing light-emitting 
diode, 3mm, red 
TR1 MPSA14 Darlington 
IC1 7555 CMOS timer 


Miscellaneous 
LP1 6V (or 5V) 60mA wire- 
ended filament lamp 
(6.3mm long); 12V type 
for 12V supply 
8-way d.i... socket; p.c.b. eyelet ter- 
minals (4 off); printed circuit card avail- 
able from EE or with model kits — see 
Shop Talk or special offer page. 


£2.50 
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SIMPLE MODEL SERIES 
SPECIAL EASIWIRE OFFER 


FREE EASIWIRE IF Y OU BUY 
ANY FOUR MODEL KITS 
OR EASIWIRE FOR £5 WHEN YOU 
PURCHASE A PROJECT KIT. 


The two companies mentioned below 
have large stocks of Easiwire solder- 
less wire wrapping systems, as used 
to build all our Simple Model Series ; 
projects. They have agreed to make cR 
these available to EE readers who IE 
purchase complete kits of com- 
ponents for the projects, INCLUDING 
printed cards to cut out and assemble i king 
for each model. If you are prepared to x gm circuits 
buy any four of the six model kits that i ; GIEC p unnt re 
kick off the series then you can get i li e end 
your Easiwire FREE. : 
If you buy any one model kit you can 
purchase an Easiwire kit for just £5. 
(These kits were previously advertised 
by BICC-Vero at £15, including p&p). To 
get your kit and Easiwire simply fill 
in the appropriate coupon and send 
it with your cheque (or credit card 
details) to either of the companies. 
The six projects that kick off the 
series are: Police Car (July 91); Musical 
Roundabout (Aug 91); Micro Micro - a 
dolls house microcomputer (Sept 91); Cen- 
turion Tank (Dect 91); Mini Microwave - dolls 
house microwave oven (Nov 91); Christmas 
Novelty Decoration (Dec 91). These models 
ali play tunes or make noises or flash lights 
etc. They will each cost about £8 or less to s é 
build, she prices charged will be as given by All prices include VAT 
EE in the “approximate cost box." 


All the kits will be available separately as the projects are published and the £5 Easiwire offer will be 
available with each kit when each project is published. 


Please fill in the appropriate coupon below, tick the relevent boxes and send your cheque/PO/credit 
card number with oneof the coupons to: 


BULL ELECTRICAL GREENWELD ELECTRONIC 
250 PORTLAND ROAD, OR COMPONENTS 
HOVE, SUSSEX 27 PARK ROAD, 


BN3 SGT SOUTHAMPTON SO1 STB 
Tel: 0273 203500 Tel: 0703 236363 
Fax:0273 23077 Fax:0703 236307 


SEND EITHER COUPON TO EITHER COMPANY - YOU CHOOSE YOUR SUPPLIER 
Overseas readers please add £3 to cover the extra postage charge. 


FREE EASIWIRE „£5EASIWIRE 

Please send me my FREE Easiwire kit. | understand that „Please supply the Micro Micro Kit 
Imust buy four model kits at the price given by EE - | Onits own at £2.50 plus £1p&p[ 
Ienclose a cheque/PO for £20 for the kits ticked below I Please supply an Easiwire at 

and as adeposit on further kits | £5 withthe above kit Ej 


Please debit my credit card as each kit is sent [ 38 Overseas readers please add ES to cover the 
| extra postage charge 


I| enclose a cheque/POfor £ 
(£3.50 or £8.50)[ ] 
The kite! require are: / Police Car (July '91). .. £5.95 plus £1 p&p [5] 
Musical Roundabout (Aug '91)....... £7.95 plus £1p&p 
Tick tour ormore J Micro Micro (Sept '9).................£8.5Oplus €1p&p 
Boxen Centurion Tank (Oct '91) plusE1p&o[ || 

Mini Microwave (Nov '91).......... plus £Ap&p[ ]1 Signature 

Christmas Novelty (Dec '91)..... „plus £1 p&p[ | I Name 


DA KES A PS ue Address 
Address 
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N A recent editorial in Everyday 
| Electronics (April 1991 issue), Mike 
Kenward remarked on how the sale of 
books and p.c.b.s had fallen off during 
the long hot summer. Normally the flow 
of readers’ letters would also be expected 
to fall away substantially with such good 
weather for outdoor pastimes. For some 
reason, and | can offer no explanation, 
the number of readers’ letters that were 
passed on to me from various sources 
actually increased. 

Whatever the reason, | suppose it does 
demonstrate two things. Not everyone is 
interested in sunshine and outdoor pur- 
suits, and a small percentage of construc- 
tors will inevitably run into difficulty with 
a project from time to time. So what can 
you do if your latest project fails to burst 
into action at switch-on? 


SPLASHING OUT 

! live close to the main office and 
workshop of a well known electronics 
retailer which sells many thousands of 
kits each year. When talking to mem 
bers of the service department about 
non-operational kits that are returned for 
checking, there is never any doubt in their 
minds about the main cause of problems. 
By far the most common fault is poor 
quality soldering of one kind or another. 

Apparently most of the returned units 
can be made to function properly simply 
by stripping off all the solder and resol- 
dering all the joints! Many constructors 
seem to think that this sort of claim is 
an attempt to "pass the buck", and feel 
that it is unlikely that it is anything that 
they have done wrong which is causing 
the problem. The evidence would sug- 
gest otherwise though, and in my own 
“experience, when a newly constructed 
project fails to work it is almost invariably 
due to a problem with the soldering. 

Modern circuit boards tend to be very 
crowded, with a lot of components 
packed into a small space. This means 
that in at least a few parts of the board 
there will be many soldered joints 
crammed into a small area. This gives a 
major problem with blobs of excess 
solder bridging adjacent connections, 
and almost certainly preventing the 
circuit from functioning properly. 

There is a similar problem in the form 
of solder splashes. This is where some 
excess solder falls from the bit and onto 
the board. It may leave a large circular 
disc of solder, or there could be thin trails 
of solder. Although you might expect 
to be able to see these solder blobs or 
splashes without any difficulty, this is not 
always the case. 
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ACTUALLY 
DOING ITI 


by Robert Penfold 


Apart from the fact that everything is 
on a very small scale, there is often a fair 
amount of excess flux from the solder 
around joints. This can tend to hide the 
smaller solder blobs and splashes, al 
though the larger ones should be self 
evident. 


CLEANING-UP 

A magnifying glass is a useful item to 
have in the electronics toolkit, and a 
careful inspection with the aid of one of 
these will often reveal any minute pieces 
of solder in the wrong places. Ex- 
cess flux might still hide the offend- 
ing pieces of solder, and it is helpful 
to remove this flux. Special fluids and 
aerosols for cleaning p.c.b.s. can be ob- 
tained, or methylated spirit will do the 
job. Methylated spirits and some of the 
special cleaners are highly inflammable, 
and should therefore be treated with due 
caution. 

In my experience a quick visual inspec- 
tion, even with the aid of a magnifier, will 
not always reveal any accidental short 
circuits. Going over the board a couple 
of square millimetres at a time would pre- 
sumably do so, but could be very time 
consuming. 

It is best to concentrate the search at 
likely parts of the board. This is wherever 
there are a lot of joints in a small space, 
which usually means in the vicinity of 
integrated circuits, and other multi-pin 
components such as certain types of 
connector, s.i.l. resistor assemblies, etc. 
With stripboard there seems to be a 
tendency for short circuits to occur at the 
ends of copper strips, and these are often 
very difficult to spot visually. 

Rather than rely totally on a visual 
search, | prefer to make a brief visual 
inspection, followed by checks for short 
circuits using a continuity tester. This 
second method of testing will often 
reveal short circuits that were not 
previously apparent. However, once you 
know they are there, it is not usually too 
difficult to track them down precisely by 
looking very carefully at the two tracks in 
question. 


CONTINUITY TESTS 

Continuity tester designs are featured 
in Everyday Electronics from time to time, 
or a multimeter set to a (more or less) 
middle resistance range will do the job 
quite well. | have warned previously 
against using a home-made continuity 
tester consisting of a torch bulb and a 
battery. The currents consumed by most 
torch bulbs are high by semiconductor 
standards. A tester of this type may well 


track down the short circuits, but it could 
easily destroy a number of semiconduc- 
tors in the process! 

Note that some multimeters when set 
to a low resistance range have quite 
high test currents, and could also cause 
damage. It is for this reason that | 
recommend using a middle resistance 
range, even though a low one would 
more clearly show up the difference be- 
tween a low resistance in the circuit and a 
short circuit. 


DRY JOINTS 

If the problem is not due to excess 
solder, then it may be due to inadequate 
or old solder. With the larger boards 
in particular, it is quite easy to overlook 
a joint. Presumably a visual check for 
solder blobs would also bring to light 
any joints where soldering is totally ab- 
sent. It should also show up any joints 
where inadeguate solder has been used, 
resulting in no connection between the 
Ieadout and the pad. 

So-called "dry joints“ were once a 
common problem, but are (thankfully) 
something of a rarity these days. Modern 
components are designed for use in auto- 
mated production lines, and as a result of 
this they take solder very readily. This 
greatly reduces the risk of dry joints. In 
fact, a few years ago when | tried to 
produce a dry joint so that it could be 
photographed and used to illustrate an 
article, | found it impossible to produce 
one! | had to resort to some trickery in 
the end. However, this is not to say that 
dry joints can never occur - they are just 
much rarer these days. 

The standard method of producing a 
dry joint is to leave the soldering iron in 
its stand for a period of time with a lot of 
solder on the tip of the bit. When you 
then try to produce a joint, this solder 
tends to fall off the bit and onto the 
leadout wire and pad. 

The flux will have burned off long 
before the solder reaches the joint, and 
there will consequently be no flux to help 
the solder flow properly and produce a 
good joint. Furthermore, the solder will 
probably have oxidised to some extent 
while it was on the iron, and will tack 
physical strength. The fresh solder ap- 
plied to the joint might alleviate the 
situation, but it will probably be too late 
to do any good. In fact the flux of- 
ten seems to end up acting as a layer 
of insulation between the pad and the 
leadout wire. 

A dry joint of this type will normally 
exhibit some tell-tale signs, one of which 
is a rather rounded, globular appearance. 
The solder will also tend to look dull in 
appearance instead of having the usually 
glossy finish. The surface may well have 
a cracked and crazed appearance. 


EXCESS FLUX 

There is another version of the dry 
joint, which seems to occur when the mix 
of the solder goes slightly awry. An 
excessive flux content results in a joint 
which is spoiled by masses of half burned 
flux. As in the previous example, the 
flux usually ends up providing a layer 
of insulation between the pad and the 
leadout wire. 

With this type of joint the solder will 
again be much more rounded than nor- 
mal, but it will usually be shiny in appear- 
ance. At least, it will if you can actually 
see it. It is quite normal for the joint and a 
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small area of the board around it to be 
covered with a thick layer of blackened 
flux. 

Where a dry joint is suspected it is 
advisable to clean away the solder using 
any form of desoldering eguipment. Then 
clean up the pad and leadout wire by 
scraping them with the blade of a pen 
knife, after which a new attempt can be 
made at completing the joint. 

If the joints all seem to be all right, and 
no short circuits due to excess solder can 
be found, it is worth going back and 
rechecking all the wiring and component 
placements again before assuming that a 
faulty component is the problem. Quite 
frankly, faulty components are extremely 
rare these days. The problem is much 
more likely to be due to a bad joint, short 
circuit, component fitted the wrong way 
round, or something of this general type. 
An occasional cause of problems is the 
use of substitute components. Unless 
you really know what you are doing, only 
use the specified components. 


sos 

If your attempts to get a project to 
work fail, then you can always write in for 
advice. Here are a few rules that will help 
us to give you a speedy and (hopefully) 
useful reply: 


Capacitance Meter 

The one percent resistors needed for 
the Capacitance Meter can be the 0.25W 
or 0.6W metal film types. These are com- 
mon “off-the-shelf” ranges and should 
be available generally. 

The meter used in the prototype model 
is an Altai T-series type and was pur- 
chased from Electrovalue (18 0784 
33603 ), stock no. T24. This moving coil 
meter is rated at 1mA full scale deflec- 
tion (f.s.d.) and has a 100 ohm internal 
resistance. Other meters can be used, 
provided they have an identical specifica- 
tion and will fit the case cutout. You can, 
of course, use a different size case. 

The "Lorlin" enclosed type rotary 
Switch, of one very similar, appears to be 
stocked by most of our components 
advertisers. The small printed circuit 
board is available from the ££ PCB 
Service, code EE751 (see page 604). 


Micro Micro - 
Simple Model Series 

The model and circuits for this month's 
Simple Model Series - Micro Micro - 
are built on printed card, which can be 
obtained from the EE Editorial Offices 
for the sum of £1 (including postage). 
The actual circuits are wired up using 
the solderless Easiwire wire- wrapping 
system. 

To help with assembly, Greenweld 
Electronic Components (@ 0703 
236363 ) and Bull Electrical (@ 0273 
203500 ) have put together a complete 
kit, including cards but excluding the 
plastic parts, for the sum of £2.50 plus £1 
p&p. They are also making a Special Offer 
on the Easiwire kit, see page 589. 

The plastic sheet, angle pieces and gir- 
ders should be available from most good 
model making shops. 
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with David Barrington 


Brainwave 
All the components required to build 


1. If you cannot type or word process 
the letter, write as clearly as possible. | 
have received several letters over the 
years that could not be fully deciphered 
even with the aid of several assistants. 

2. Enclose a stamped addressed en 
velope. 

3. Try to be concise and to the point. 
Give a brief description of the problem, 
and what the unit actually does. Even if 
the project does absolutely nothing, say 
so. 

4. If you have a multimeter, give a small 
list of test voltages taken at various points 
in the circuit (e.g. collectors of transis- 
tors, outputs of integrated circuits, etc.). 
Mention the type of meter you are using 
(digital, 20k/V analogue, etc.). In fact 
the results of any tests that you have 
made could be very helpful in trying to 
make a diagnosis. 

5. If you have any comments to make 
about the magazine, or a particular ar- 
ticle, we are always interested. However, 
please keep this type of thing separate 
from the main query. 

6. Make it clear which particular 
project you are enquiring about. If the 
project was published more than a few 
months ago, it helps if you specifically 
mention which issue it was in. 

These are a few things to do if you 


the Brainwave project are standard 
"stock items“ and should nat pose any 
buying problems. Make sure a “logarith- 
mic“ type potentiometer is asked 
for when ordering the combined 
Brilliance/On- Off control. 

The glasses used in the prototype 
model, which carry the l.e.d.s, should be 
available from most DIY stores and are 
usually sold as "safety glasses” 

It is most important that ALL construc- 
tors and possible users of the unit pay 
careful attention to the. warning at the 
start of the article. On a personal observa- 
tion, it might be wise to start from a very low 
setting on the "brilliance" or l.e.d. bright- 
ness control until familiar with the unit. 


Modular Disco Lighting System 

The only listing we have been able to 
find for the DG308 quad analogue 
switch used in the Theatrical Dim- 
mer Inteface this month's Modular 
Disco Lighting System project, is from 
Electromail (4 0536 204555) code 
303-551 

The Bulgin type plugs and sockets are 
stocked by most of our component ad- 
vertisers, but the circular 10-pin video 
chassis plug and socket may prove dif- 
ficult to locate. One source is Electromail. 
The case is the Maplin Blue case 233, 
code XY48C. 

To some readers, the video sockets and 
case may appear fairly expensive. Alter- 
natives can be used, but, for safety, the 
case MUST be all-metal and "Earthed" 

The electrolytic capacitors used in the 
model are rated at 15,000u at 16V 
working and came from Electromail, 
code 104-348. The 25V 10,000, (code 
106-192) type can be used but may be 
difficult to mount on the p.c.b. 


would like to make our day.! Fail to 
enclose a stamped addressed envelope 
with your letter, and write so badly that 
neither the name or address can be read 
with any degree of certainty. Write a long 
list of vague questions about a project 
published in the second issue of £very- 
day Electronics. Write a long list of vague 
questions about a project published years 
ago in some other publication. 

Ask a trivial question about a project, 
and then request detailed modifications 
for the project. Incidentally, this type of 
thing seems to be the most common 
transgression these days. Around half 
“the letters | receive seem to be basically 
about modifying a project, modifying 
ready-made equipment, or producing a 
design from scratch - none of which can 
we offer any assistance with. 

Request information that is included in 
the article or elsewhere in the magazine 
(in the Shop Talk feature for example). | 
know it is tempting to simply follow the 
drawings and ignore the boring instruc- 
tions, but this usually leads to problems. 

Say that you built XYZ project, that 
it does not work, and ask what to do 
next without supplying any further infor- 
mation. Ask numerous questions about 
several projects which you will make one 
day, maybe, if you get around to it! 


The 4-pole changeover toggle switch 
is currently listed by Cricklewood and 
Maplin. The printed circuit board is ob- 
tainable from the ££ PCB Service, code 
EE765 (see page 604). 


12V Lamp Dimmer 

There could be a problem locating a 
suitable r.f. choke for the 72V Lamp Dim- 
mer with the recommended rating. The 
only 150uH choke we have been able to 
locate is listed under "High Current Toroids“ 
and obtainable from Maplin, code JL72P. 

To save costs, it might be better 
to follow the designers suggestion 
and make your own choke instead of 
using ready-made components. To ac- 
complish this, wind 50 turns of 20 s.w.g. 
enamelled copper wire on a ferrite ring of 
about 24mm outside diameter. 

The Darlington power transistor type 
TIP120 should be fairly easy to locate. If 
however sourcing problems do arise, it is 
currently listed by Greenweld, Crick- 
lewood, Omni and Marco. 

It is most important that 3A minimum 
auto-type stranded wiring be used for all 
external connections. Also, it is vital that 
the lampholder (to be dimmed) wires are 
COMPLETELY /so/ated from ANY metal 
which connects to the vehicle chassis 
(negative supply). 


Dry Cell Charger 

The components required to build the 
Dry Cell Charger are all stock items and 
should be obtainable. from any good 
component stockist 

it is most important to ascertain, before 
cammencing construction, which type of 
cells you wish to charge and select the 
appropriate “wattage” resistors as out- 
lined in the table. The choice of resistors 
will range from % watt up to 5 watt types 
and selecting the wrong one could prove 
disastrous. 


Polarity Checker 

We would be most surprised if any 
reader had trouble obtaining parts for the 
Polarity Checker. Almost all component 
suppliers advertising in EE now carry 
stocks of bi-colour l.e.d.s. If they do not 
they will certainly be able to offer single 
devices, colour to choice. 
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REPORTING 
AMATEUR RAD 


Tony Smith G4FA 


NOT ENOUGH FREQUENCIES 

In preparing for the World Administra- 
tive Radio Conference, 1992, an FCC 
Industry Advisory Committee Informal 
Working Group (IWG-1) came up with 
some interesting information, as reported 
recently by the W5YI REPORT. 

The IWG commented that the broad- 
casting requirements of ITU member 
countries have greatly exceeded the 
number of available channels in the 
allocated spectrum. Congestion in the 
h.f. bands has reached the point, it says, 
where effective use can only be made by 
the use of excessive transmitter power 
and multiple transmitters broadcasting 
the same programme. 

Since 1979, the total world broadcast- 
ing on h.f. bands (excluding tropical 
zone bands) has increased from about 
28,000 frequency hours daily to a present 
level of about 40,000 hours. The Soviet 
Union and the USA are the largest users 
of h.f. broadcasting spectrum. In terms of 
listeners, a 1986 Voice of America study 
concluded that there are more than 500 
million shortwave receivers in the world, 
not including North America, with Asia 
having the most with over 168 million. 

With its suspension of jamming US. 
operated broadcasters, the USSR has 
increased its in-band broadcasting by 
more than 1,300 freguency hours. There 
are numerous new USSR broadcasting 
transmitters at 20kW which apparently 
were used as jammers before 1989. The 
conclusion of the IWG is that jamming 
has now given way to another form of 
interference, i.e., "increased interference 
to broadcasters by other broadcasters’’. 


S.S.B. PROPOSALS 

The IWG examined the proposed con 
version to s.s.b. (single sideband) from 
d.s.b. (double sideband)-a.m. for h.f. 
broadcasting which would mean stations 
taking up less frequency space. While 
supporting proposals from the FCC to the 
WARC for expanding the broadcast al- 
locations in the 40 metre band, the IWG 
recommended that priority be given to 
s.s.b. broadcast stations operating in the 
expanded band. 

In this connection, | was interested to 
see a reportin Monitoring Times for May 
that Radio Netherlands would be test- 
ing “compatible” reduced-carrier upper 
sideband transmissions from its Bonaire 
station throughout June on 15560kHz; 
and asking for listeners comments on the 
audio quality of the broadcasts. If any 
SWL readers of this column heard some 
of these transmissions | too would be 
interested to receive their comments. 


220-222MHz LOST TO AMATEURS 
Back in September 1989 | reported 
a decision of the American licensing 
authority (FCC) to allocate 2MHz of 
the 220MHz amateur (shared) band ex- 
clusively for commercial use. Despite a 
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hard fight all the way, including the 
involvement of a Congressional House 
Sub-Committee and a request to the 
Federal Court of Appeals to review the 
FCC decision, the amateurs have finally 
lost the day. At the end of May the FCC 
announced that amateur operation in the 
band 220-222MHz will be prohibited 
after August 27th, 1991. The previously 
shared frequency band of 222-225MHz 
will then be exclusively allocated for 
amateur use. 

The W5YI REPORT reveals that the 
new commercial band will provide 200 
narrow band paired business channels 
Due to mileage separation permitting co- 
channel use thousands of stations are ex- 
pected to make use of these new bands. 
In the first 30 days nearly 50,000 applica- 
tions were received from potential users. 

This is an increasingly common story. 
Philippine amateurs recently lost satellite 
frequencies in the 430-440MHz band to 
commercial users, and New Zealand 
amateurs have lost 2300-2396MHz 
which has been divided up into twelve 
8MHz wide TV channels for sale by 
tender. Since governments discovered 
that radio frequency spectrum is a highly 
lucrative marketable commodity the 
pressure has been mounting on the 
amateur bands and, as these examples 
show, it would be unwise to assume that 
any frequency is safe in the future. 


BUSY WEEKEND 

April 27-28 saw the Radio Society of 
Great Britain's annual convention and 
exhibition at the National Exhibition 
Centre, Birmingham, with "The Year 
of the Novice" as its theme. Over 
6,000 visitors attended, including many 
youngsters, and the Society's special 
Novice stand was inundated with en- 
quiries about the new Novice licence. 

In the States, at the same time, the 
annual Dayton Hamvention was held, 
with around 35,000 attending. Every 
hotel was booked solid within fifty miles. 
There were over 300 exhibitors and 51 
forums/lectures. Apart from the huge 
indoor Convention Center, there were 
around 2,200 spaces in a 25 acre 
flea-market area. At a banquet attended 
by 1300 people, astronaut Tony England, 
WOORE, described the operation of 
amateur radio aboard the space shuttles. 
Dayton is t^e event of the American ham 
radio calendar, with many amateurs from 
other countries around the world making 
it the high spot of their year also. 


HOME-BREW AT NORWICH 

In contrast to the big national event, | 
recently attended the annual mini-con- 
vention of the Norwich and District ORP 
Group. This is a group of enthusiasts 
whose main interest is in the home- 
construction of amateur radio equipment 
suitable for use in QRP (low power) 
Operating. 


The equipment on display at the 
convention included transmitters and 
receivers, as well as transceivers, antenna 
tuning units (ATUs), SWR and power 
meters, electronic Morse keyers, power 
supplies, in fact all the bits and pieces 
necessary to put an amateur station on the 
air. 

Some of these items were made from 
commercially available kits, with some of 
them heavily modified by their construc- 
tors. Others were taken from published 
articles, and some were designed by the 
constructors themselves. Exactly the same 
approach, in fact, as that taken by many of 
the electronic constructor readers of EE. 

The quality of construction was very 
good, and in some cases superb, and it 
showed very clearly that despite the large 
number of radio amateurs today who are 
"black box" operators and who never 
make anything, the art of home-con- 
struction is not lost and that there are still 
enthusiasts around who like to know 
what is inside their equipment and are 
able to service or modify it themselves to 
get the best possible performance from it. 

The beauty of QPR is that some 
designs are quite simple and even a 
beginner can get on the air with 
home-made equipment, progressing to 
more sophisticated designs later. One 
transmitter kit available from the G-ORP 
Club, for instance, is the “Oner” with a 
one inch square p.c.b. containing just 11 
components with two more external to 
the board, giving an output of one watt 
r.f. power. There's a little more to it than 
that, of course, before it can be put on air, 
but it is all within the capability of a 
beginner. 

The Norwich QRP Group offer a warm 
welcome to new members at any time. 
This includes those who are Currently 
non-amateurs but who are interested 
in the possibility of making their own 
equipment as a route into amateur radio. 
Further details are available from Mike 
Coan G4EOL, 4 Vera Road, Hellesdon, 
Norwich NR6 5HU. q 789792. 


LOTHIANS "OPEN NIGHT" 

North of the boarder, Lothians Radio 
Society will be holding its annual “open 
night“ at the Orwell Lodge Hotel, 
Polwarth Terrace, Edinburgh, at 7.30pm 
on Wednesday 25 September 1991 
where non-members, including radio 
amateurs, short wave listeners and other 
enthusiasts will be very welcome. 

This year's event will feature a flea- 
market and a bring-and-buy sale. The 
Society's registered Novice Licence in- 
structor will have details of proposed 
Novice and Morse classes for those in- 
terested. Local traders will be present 
and there will be a display of members' 
“home-brew” equipment. Further infor- 
mation is available from Mel Evans on 
e 031 664 5403. 
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Constructional Project 


MODULAR DISC 


Part Five: DIMMER INTERFACE MODULE 


CHRIS BOWES 


Light up your party or disco road 
show with these easy-build 


effects modules. 


HIS output module for the Modular 
| Disco Lighting System is designed to 
enable a maximum of three input 
modules from the system to be used to 
provide signals capable of driving remote 
control theatre lighting systems. The main 
advantage of this method of control is that 
theatre lighting systems are designed to 
handle very large lighting loads. If access to 
such a system is available in a hall where 
the Modular Disco Lighting System is 
being used then this can be used. in con- 
junction with the normal lighting rig. to 
provide very substantial amounts of light 
to illuminate the dance floor. 


CONTROL 
VOLTAGE 


Modern remote control theatre lighting 
systems work by applying a contro! volt- 
age, generally between zero volts (OV) and 
ten volts. obtained from a lighting control 
“desk” which is generally mounted at the 
rear of the theatre or hall, to a dimmer 
“rack”. which then controls the profile of 
the alternating current mains voltage fed 
to the theatre lanterns. Thus the “rack” 
is used to actually provide all the neces- 
sary high current switching to the lanterns. 
As a fule each dimmer channel is usually 
designed to control a load of between IkW 
and 5kW. 

Theatrical dimmer racks use the control 
signal voltage to trigger high speed switch- 
ing of the a.c. mains waveforia so that 
the length of time during which the a.c. 
waveform is allowed to pass through the 
thyristors or triacs in the output circuit of 
the dimmer rack governs the brightness of 
the lanterns connected to the channel. Thus 
the light output from each lantern is con- 
trolled by the magnitude of the input volt- 
age fed to the appropriate channel of the 
rack. 

Most theatre lighting racks are designed 
to control six channels although other sys- 
tems, usually of a permanently installed 
nature, may be designed to control a larger 
number of channels. The Dimmer Interface 
Module described here has been designed 
to allow up to three modules (12 circuits) 
to be interfaced with two, six-way dim- 
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mer racks (also 12 circuits) and to accom- 
modate the input signals normally used by 
most of the common makes of control sys- 
tems. 

One complication in this respect lies in 
the fact that some theatre lighting systems 
use a control voltage which has a range of 
OV to minus ten volts ( — 10V) (notably sys- 
tems made by Rank Strand) whilst most 
other systems use a control voltage ranging 
from OV to + 10V (notably Zero-88 and El- 
tec systems). 

The Dimmer Interface Module has there- 
fore been designed to allow signals from 
any module to operate both systems, which 
will be controlled both in respect of the sig- 


nal voltage and polarity. In this respect it is 
not only fully compatible with all conven- 
tional systems but is also able to accom- 
modate a mixed system made up of dimmer 
racks which operate on different polarities. 
A further refinement incorporated is the 
ability for input one of this module to be 
switched so that the outputs to the dimmer 
rack may be connected to be operated 
either by an "on/off" module or by direct 
connection of the output to a proportional 
signal (e.g. the output of a Sound-to-Light 
module, or even the systems own control 
desk). 1t is important to note. however, that 
the Dimmer Interface Module provides 
no inverting function and it is essential 
that the proportional output unit should 
provide a signal which is compatible with 
the dimmer-rack to which the first six 
channels of the interface are connected 


Fig. T. Circuit diagram for the Dimmer Interface power supply. 
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PL213 


SK2/4 


D10 -021 
YELLOW led 


GEDA) 


Resistors 
240 (2 off) 
1k 


R4, R6, R8, R10, R12, R14 10k (6 off) 
R5, R7, R9, R11, R13, R15 1k (6 off) 
R16, R18, R20, R22, R24 
R26 10k (6 off) 
R17, R19, R21, R23, R25 
R27 1k (6 off) 


All %W 5% carbon film or 0.6W 
196 metal film 


Potentiometers 


VR1, VR2 5k skeleton preset, horizontal (2 off) 

VR3, VR5 10k rotary carbon, linear (2 off) 

VR4 10k dual (stereo) -ganged rotary, linear 
Capacitors 

C1,C2 10,000, p.c.b. radial elect., 25V (2 off) 

C3, C4 1p tantalum, 16V (2 off) 

C5 242 tantalum, 16V 


Semiconductors 


W005 1A 50V bridge rec. (2 off) 
Standard Red |.e.d 


010-D21 Standard Yellow I.e.d (12 off) 
IC1 LM317T positive voltage regulator Page 
IC2 LM337T negative voltage regulator 
IC3, 1C4, IC5 DG308 quad analogue switch (3 off) 
Switches 
51.52 S.P.C.O. min. toggle switch (2 off) 
$3 4-pole changeover toggle switch 


Miscellaneous 


Ti Mains 12VA p.c.b. mounting transformer; 
12V 0.5A, 12V 0.5A secondaries 
PL1 Mains inlet chassis mounting plug, with matching cable 


socket (Bulgin) 


PL2, PL3 10-pin circular video chassis mounting plug, with matching 
cable socket (2 off) 

SK1, SK2, SK3, 

SK4 10-pin circular video chassis mounting socket, with matching 

cable plug (4 off) 

FS1 63mA 20mm anti-surge fuse and p.c.b. fuse clips 

FS2, FS3 500mA 20mm anti-surge fuse and p.c.b. fuse clips (2 off) 

FS4 250mA 20mm fuse and p.c.b. fuse clips 


Aluminium instrument case (Maplin “Blue Case 233"), size 250mm x 150mm x 
75mm; 16-pin d.i.l. socket (3 off); plastic knobs (3 off); l.e.d. clips (13 off); p.c.b 
stand-off pillars (4 off); connecting wire; solder pins; solder etc. 


Printed circuit board available from the EE PCB Service, code EE765. 


LE) .... 


Approx cost 
guidance only 
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Fig. 2. Circuit diagram for the 
input/output channels of the Dimmer 
/nterface Module. 


DIMMER INTERFACE MODULE 


nm 
Hi 


CIRCUIT 
DESCRIPTION 


The power supply circuit (Fig.1) for this 
module is more complex than for other 
modules because of two factors, which only 
apply to this module. The first of these two 
reasons is the fact that commercial dimmer 
equipment is manufactured with two stan- 
dard input control voltages as discussed 
earlier. 

The second complication which affects 
the design of the power supply is the need 
for these output voltages to be limited to a 
maximum of 10 volts. Although some com- 
mercial djmmer racks are tolerant of volt- 
ages in excess of 10 volts. others ure not 
and switch off when a control voltage in 
excess of 10 volts is applied to their inputs. 

In order to accommodate this factor, the 
Positive and negative power supply lines 
governing the output voltage of the system 
are stabilized with voltage regulators, IC] 
and IC2. which can be adjusted to ensure 
that an output voltage in excess of 10 volts 
cannot be supplied by the module. In ad- 
dition to these two stabilised voltages it 
is necessary also to provide the standard 
+16V d.c. supply required to drive the 
effects and other input modules. 

The 240 a.c. mains supply for the unit is 
fed. via PLI and fuse FSI to the primary 
winding of the transformer T1. The fuse is 
a 63mA anti-surge type, which is mounted 
on the printed circuit board. and wired in 
series with the mains input, so as to provide 
protection in the event of excess cur- 
rent being drawn through the transformer 
primary windings. 

Current from each of the two separate 
secondary windings of the transformer is 
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010-021 


YELLOW Le.d. 


passed via fuses FS2 and FS3 respectively 
to two independent bridge rectifiers (DI- 
D4 and D$-D8) These convert the a.c. 
supply from the transformer secondary to 
a d.c. supply which is then smoothed by 
the two smoothing capacitors (Cl and C2) 
to produce a d.c. supply of approximately 
+/- 16V. 

The + 16V supply is fed. via fuse FS4, 
to pin 7 of each of the input sockets (SK 1 
to SK4) and provides the power required 
to drive the input modules. This supply is 
also used to provide the positive power re- 
quired to drive the switching integrated cir- 
cuits (IC3. 1C4 and ICS). 

The + 10V and — 10V stabilised supplies 
are derived from the appropriate volt- 
age rail of the unsmoothed power sup- 
ply circuit being stabilized by means of 
the regulators IC! and IC2. The +10V 
supply is obtained via ICI. which is a 
LM317T positive voltage regulator. Preset 
VRI and resistor RI are used to set the 
output voltage of the integrated circuit 
with capacitor C3 acting to further smooth 
the output voltage derived from ICI. 

The —10V supply is derived in a simi- 
Jar manner via IC2 (which is a LM337T 
negative voltage regulator integrated cir- 
cuit). This time preset VR2 and resistor 
R2 providing the adjustment for the out- 
put voltage and capacitor C2 providing 
smoothing in the same way as for the posi- 
tive power regulator circuit. 

Diode D9 is a standard red l.e.d. which is 
used to indicate that the power supplies in 
the module are functioning correctly. It is 
wired. in series with the dropping resistor 
R3, across the + 10V and — 10V stabilised 
power supply rails. By connecting it in this 
manner it is possible to monitor all four of 
the d.c. voltages in the module with one 
l.e.d. 


OUTPUT CIRCUIT 


The circuit diagram for the input/output 
sections of the dimmer interface is shown in 
Fig.2. These circuits are identical and have 
only been split so that they will fit on the 
pages. The action of the output circuits are 
best understood by reference to the input 
associated with ICSa, which is driven by 
channel one of the third input to the Dim- 
mer Interface Module. 

The output signal from channel one of 
the effects module connected to input three 
is fed, via pin | of socket SK4. to the 
control input (pin 1) of IC5a, a quad 
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analogue switch. The input is also con- 
nected to the pull down resistor R20, which 
ensures that it is held at a Logic O level 
whenever no signal is present at the input. 
The state of the input is indicated on the 
front panel by the yellow l.e.d.. D18. which 
is wired in series with the current limiting 
resistor R21 

The logic state of the input governs the 
presence or otherwise of a conductive path 
between the signal input (pin 3) and out- 
put (pin 2) of the integrated circuit. If a 
logic | (“high”) signal is present at pin 1, 
then whatever voltage is present at pin 3 
will also be present at the output pin 2. 

When a logic O (“low”) state is present 
at pin ] the i.c. acts as a high resistance 
path and no voltage is allowed 10 pass be- 
tween pin | and pin 2. The output at pin 2 
is therefore effectively at OV. 

Pin 3 of ICSa is connected to the wiper 
(w) or moving contact of potentiometer 
VRS. This acts as a “dimmer” control to 
adjust the voltage applied to Pin 3. This is 
used to allow fine control of the brightness 
of the stage lanterns connected to the out- 


put of the dimmer channcl, since the output 
brighiness of a theatrical dimmer-rack is 
governed by the input voltage. Pin 5 of ICS 
is the "ground" input and is connected to 
the "earthed" OV rail. 

The power supply requirements of 1C3. 
IC4 and ICS are obtained by connecting 
Pin 13 to the + 16V and Pin 4 to —16V 
unregulated power supply rails. This con- 
figuration is necessary to ensure that the 
power supply to the i.c.'s covers the entire 
range of the voltages which may be inputed 
to them. 


BHIGHTNESS 


The function of the Dimmer Interface 
Module is to supply a signal voltage to the 
inputs of the dimmer control racks which is 
controlled in two ways. Whether the volt- 
age is supplied or not it is dependent upon 
the logic input which is determined by the 
output from the Effect Module(s). 

The second contro! is provided by the 
facility built into the Dimmer Interface to 
adjust the magnitude of the voltage sup- 
plied to the dimmer rack. This may be 


Birdseye view of the completed unit showing the large number of wiring 


connections. 


within the range from 0 volts to 10 volts 
and governs how bright the output of the 
controlled channel is required to be. 

This is set by adjusting the position of 
the channel Brightness controls, VR3, VR4 
depending upon which block 
of input circuits is concerned. This circuit 
is straight forward in so far that it is a 
standard potentiometer arrangement with 
the switched input of the integrated cir- 
cuit connected to the wiper of the variable 


or VRS 


resistor and the ends of the poten- 
tiometer connected across a stabi- 
lised 10 volt supply. 


VOLTAGE 
MATCHING 


It is also necessary to control 
the sense of the output voltages to 
match them to that required by 
the dimmer-rack. The output volt- 
age sense is selected by means of 
the output sense selector switches. 
Switch SI sets the output voltage 
sense for dimmer channels | to 6 
and switch S2 sets the output volt- 
age sense for dimmer channels 7 to 
{2 

These switches simply connect 
the "hot" end of the associated 
potentiometers concerned to either 
the +10V or the —10V stabi- 
lised power supply rail. It is thus 
Possible to allow connection of 
the Dimmer Interface Module to 
commercial dimmer-racks of dif- 
ferent manufacture and input volt- 
age sense requirements. 

Because each of the Effects 
Modules of the Modular Disco 
Lighting System has four output 
channels per module and commer- 
cial dimmer-racks have six outputs 
per rack, as standard configura- 
tions, a slightly interesting com- 
plexity arises with channels 5, 6. 7 
and 8, which are controlled via 
IC4a, IC4b, IC4c and IC4d respec- 
tively. In order to accommodate 
for the fact that these outputs are 
split between two different dim- 
mer-rack outputs, the dimmer 
control potentiometer for these 
channels (VR4) has to be a 
stereo linear potentiometer. The 
"hot" end of one of the twin 
potentiometers, which controls the 
brightness of channels 5 and 6, is 
connected to switch SI and the 
other, which controls the bright- 
ness of channels 7 and 8. to switch 
S. 


SWITCHED 
PROPOR- 
TIONAL 
OUTPUT 
SWITCH 


In order to accommodate 
switching between a proportional 
output module and an ordinary 
switched output module, switch S3 
is connected between the outputs 
of 1C3a, IC3b, IC3c and IC3d 
and the proportional socket 
input (SK1/1, SK1/2, SK1/3 and 
SK 1/4). 

When S3 is in the switched mod- 
ule position the outputs to dim- 
mer channels |, 2. 3 and 4 are 
connected to the outputs of IC3, 
which are controlled by the out- 
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puts from whichever module is connected 
into input socket SK2 of the Dimmer Inter- 
face Module. With S3 in the Proportional 
position, the output of the proportional 
module (which must be connected into in- 
put socket SK I) is fed direct to the inputs 
dimmer channels |, 2. 3 and 4. 

It must be realised that this requires that 
the preportional output module connected 
to the proportional input to the interface 
must be of the same sense as that required 
to drive the dimmer rack connected to 
channels | to 6. 


CONSTHUCTION 


Construction of this project is relatively 
simple with most of the circuitry being 
accommodated on the single-sided printed 
board (p.c.b.) shown in Fig.3. This board 
may be purchased from the EE PCB 
Service, code 765. 

When making up the p.c.b. you will 
probably find that it is easiest to install the 
components onto the board. in the posi- 
tions shown in Fig.2. in ascending order of 
size. Care should be taken to ensure that all 
polarised components are installed on the 
p.c.b. the correct way round. 

It is best if IC3. 1C4 and ICS are ac- 
commodated in holders. which should be 
soldered to the board at the construction 
stage. The i.c.s are installed as the last task 
before testing the circuit. The wiring up of 
the module will be made much easier if 
the wired connections to the printed circuit 
board are fitted with solder pins. 


ASSEMBLY AND 
WIRING-UP 


Prior to installing the board in the case it 
will be necessary to cut the appropriate 
sized holes into the metalwork and letter 
the case as appropriate. The case mounted 
components should then be mounted, with 
their connecting wires fitted. in the ap- 
propriate locations. There are an extremely 
large number of wire connections to be 
made for this module and it is therefore 
advisable to use as large a number of 
coloured wires for the connections as pos- 
sible. 

The 13 Le.d.s in this project may all be 
installed on the front panel and their 
cathedes (k) connected together by a 
suitable piece of bared wire before connect- 
ing them to the appropriate point on the 
p.c.b. In order to facilitate this it will be 
found best to install all of the l.e.d.s so that 
the flat (indicating cathode) markings on 
the Le.d. cases are all aligned in the same 
direction. 

Once the p.c.b. has been completed four 
adhesive stand-off mountings should be in- 
serted into appropriate holes on the board. 
The board should then be positioned in an 
appropriate place in the base of the case 
and the stand-offs pressed into position 

Once the p.c.b. is secured then the con- 
nections from the various case mounted 
components should be made to the correct 
places on the printed circuit board. When 
interwiring from the board to the case 
mounted components, you should remem- 
ber that it may be necessary to remove it 
from the case. for servicing and fault 
finding. so it is advisable to ensure that 
there is an adequate length of wire left to 
make this possible. 


TESTING AND 


SETTING UP 
Before IC3, IC4 and ICS are inserted 
into their holders it is advisable to test and 
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set up the power supply. In order to do this 
the input mains connector should be in- 
serted into the panel mounted plug PL! 
and connected to a suitable supply. 

Please remember that mains voltage is 
present on the board in the area of the trans- 
former and great care must be exercised 
when working in this area. 

A voltmeter should now be connected 
between a suitable OV connection and the 
* 10V output point on the circuit board. 
Preset VR! should then be adjusted to set 
the voltage measured to + 10 volts. 

The process should then be repeated. 
connecting a voltmeter between OV and the 
negative output to switches SI and S? 
Preset VR? should then be adjusted until a 
reading of — 10 voltsisobtained. 

Once the supply voltages have been set. 
IC3. IC4 and ICS can be inserted into their 
sockets-and the entire unit tested to see if it 
performs as described in the circuit descrip- 
tion. It is not necessary to connect mod- 
ules to all the inputs to test that the cir- 
cuit works properly since it is possible to 


Rear of the completed 
unit Showing the input and output 
plugs/sockets and polarity switches. 


operate the internal switches by simply ap- 
plying a voltage of +9V or more between 0 
volts and the module inputs. If necessary 
this may be done by making a temporary 
connection to a standard 9 volt battery be- 
tween O volts and each input. 

If all is well then each of the outputs 
should. in turn. give an output which is the 
right sense, is controlled by the appropriate 
rotary potentiometer and operated only 
when the input connection is supplied with 
a control voltage. If any of the outputs is 
found not to be working properly then 
it will be necessary to check thoroughly 
through that part of the circuit associated 
with it to find where the fault lies. 


IN USE 


Before connecting up the Dimmer Inter- 
face Module to any commercial dimmer- 
racks it will be necessary to make the ap- 
propriate link cable to connect between the 
outputs from the dimmer interface and the 
inpats of the commercial dimmer racks. In 
order to do this it will be necessary that you 


fully understand not only the input charac- 
teristic of the dimmer rack but the pining of 
input connections. 

The manufacturers of the equipment will 
be able to supply this information to you 
as will any reputable supplier of theatre 
equipment. The theatre industry is always 
extremely helpful with regard to techni- 
cal queries so you should have no quilms 
about approaching them. 

The most complicated part of using this 
interface is the setting up of the system. 
Before connecting the interface module to 
the dimmer racks it is necessary to set the 
output sense selector switches (S1 and S2) to 
the appropriate setting for the dimmer rack 
which you are using. 

The switch should be set to the plus (+) 
position when connected to dimmer racks 
manufactured by Pulsar. Eltec and Zero 
88. whilst it should be set to the minus 
(7) or negative position when connected 
to dimmer racks manufactured by Rank 
Strand. The dimmer-racks should then be 
connected to the outputs of the interface 
module and the modules which you require 
to control and the dimmer channels should 
be connected to the input sockets. 

It is necessary also to connect the unit to 
the mains. At this point l.e.d. D9 should 
illuminate and the 12 other l.e.d.s should 
operate at the same time as the output 
Le.d.s of the modules which are connected 
to the inputs. When the l.e.d. is illuminated 
the output circuit connected to appropriate 
channel of the dimmer-rack should be 
operated at a brightness which is set by the 
position fo the appropriate brightness con- 
trols (VR3. VR4 and VRS). 

Next Month: Sound Unit. 
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HART AUDIO KITS — YOUR VALUE FOR 


MONEY ROUTE TO ULTIMATE HI-FI 


HART KITS give you the opportunity 

to build the very best engineered hifi equip- 

ment there is, designed by the leaders in their 

field, using the best components that are available 

With a HART KIT you not only get more performance for 

your money but also added free bonus of your own hands 

on experience of modern electronic assemb'y. The HART 

Combination of innovative circuit techniques, sound en 

gineering design and professional grade components is 

your recipe for success in the quest for affordable ultimate 
audio fidelity 

Telephone or write for your FREE LISTS giving full details 

of all our Kits, components and special offers. Featured this 
month is the: 


AUDIO DESIGN 80 WATT POWER AMPLIFIER 


This fantasuc John Linsley Hood designed amplifier is the 
flagship of our range, and the ideal powerhouse for your ul 

timate hifi system. This kit Is your way to get £K performance 
at bargain basement prices. Unique design features such as 
fully FET stabilised power supplies give this amplifier World 
Class performance with startling clarity and transparency of 
sound, allted to the famous HART quality of components and 
ease of construction 

Useful options are a stereo LED power meter and a versatile 
passive front end giving switched inputs, with ALPS preci- 
ston, low-noise volume and balance controls 

Construction is very simple and enjoyable with all the difficult 
work done for you, even the wiring is pre- terminated. ready for 
instant use! Complete details of the different versions are in 


Our free lists 
RLH10 Reprints of latest ‘Audio Design Amplifier 

articles J £2.70 
K1100CM HART Construction Manual with full parts 

lists £5.50 


Why not buy the reprints and construction manual to see 
how easy tt is to build your own equipment the HART 
way. The FULL cost can be credited against your sub- 
sequent kit purchase 
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QUALITY AUDIO KITS 


LINSLEY HOOD ‘SHUNT FEEDBACK R.l.A.A. MOVING 
COIL & MOVING MAGNET PICKUP PREAMPLIFIER 


This new circult by John Linsley Hood uses latest generation 
integrated circuits in the sonically preferred shunt feedback con- 
figuration to give an accurate and musical sound, with the ability 
10 use Moving magnet and moving coil cartridges 
The HART kit for this unit Is exceptionally easy to build with 
all the specially selected components frtting directly on to the 
roller tinned fibreglass printed circuit board. Even the gold plated 
phono sockets mount directly on the board. 
Kit complete with fully machined case and a 1 metre length of 
miniature power supply cable is HART ref K1500. £69.23. 
ALPS PRECISION LOW-NOISE STEREO POTS. 


ji ani 100K Log. 100K lin and 10K Spe- 
cial Balance. (Zero loss in centre position). Ai 


the range are two values in TAR 
a ce ‘ 


Control) MOTORISED 
ce. MOTORISED, zero crosstalk 
and ': 10% centre loss £19.98 


24hr SALES LINE 
(0691) 652894 
Fax: (0691) 662864 


.£19.20 


HIGH QUALITY REPLACEMENT CASSETTE HEADS 


D- dE. 


Do your tapes lack treble? A worn head could be the problem. 
For top performance cassette recorder heads should be replaced 
every 1.500 hours. 
Fitting one of our high quality replacement heads could re- 
Store performance to better than new! Standard Inductances and 
mountings make fitting easy on nearly all machines (Sony are 
special, see below) and our TC1 Test Cassette helps you set the 
azimuth spot on. As we are the actual importers you get prime 
parts at lower prices, compare our prices with other suppliers and 
see! All our heads are suitable for use with any Dolby system and 
are normally avallable ex stock. We also stock a wide range of 
special heads for home construction and industrial users. 
HC15 Standard Quality Stereo R/P Head ....... £2.49 
HC66 High Quality Stereo R/P Head. Hard Permalloy 
construction with Hyperbolic Face for improved 
tape to head contact 
HS16 Sendust Alloy Stereo Head. High quality head 
with good frequency response and hyperbolic face 
for good tape to head contact 
HC60S SONY Special Stereo R/P head. This head has 
the unusual Sony mounting bracket and is 
suitable for mains powered domestic Hifi recorders ...£ 37.82 
HO551 4-Track RECORD & Play Permalloy Head for 
auto-reverse Car players or quadraphonic recording ..£14.90 
Many other SPECIAL cassette Heads In stock, see our LIST. 
REEL TO REEL HEADS 
999R 2/4 Record/Play 110; 
998E 2/4 ad 1m 


.£7.98 


£16.85 


hohe with your requirements to sample 
AT service. Payment by cheque, cash or 
pores card. A telephoned order with your credit card number 

witi get your order on its way to you THAT DAY. 


Please add pari cost of carriage and insurance as follows 
INLAND: Orders up to £20 = £1: Orders over £20 ~ £2.50. 
Express Courier, next working day - £9 
OVERSEAS:Please see the ordering information 

with our lists. 


ALL PRICES INCLUDE VA Tea usi J 
AT 17.5% 4 
Las 
MART SEU yan 
os WES TS. io SAF 
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ROBOT ROUNDUP 


Nigel Clark 


EXPANSION 

UMI is continuing its expansion with 
the addition of Systems Control of Mid- 
dlesborough. The company has been re- 
named UMI Labman reflecting the range 
of robots on which the company is con- 
centrating. 

In the past Systems has been as- 
sociated with the SmartArm, which it 
created and sold until 1984, and the 
Open University robot which it designed 
and which is now sold by TecQuipment. 

Systems joined forces with UMI in 
February giving it access to UMI's larger 
sales network and greater availability of 
resources for development. 

There are four robots in the range, the 
Labman 350, 450, 900 and 1200. The 
degrees of complexity and cost increase 
with the numbers. The 350 starts at about 
£3,000, the 450 at £11,000 and the 1200 
at £16,000. The 900 is the odd one out 
being priced at £7,000. 

The prices are approximate, being spe- 
cially designed for use in laboratories 
there are a number of extras which are 
usually included in the system. 


SPECIFICATIONS 

All four Labmans are SCARA robots 
and all, apart from 350, are based on the 
same software and electronics. Only the 
mechanics differ to suit the users’ re- 
quirements. Another of the products the 
company offers is to custom- build robots 
based around the common software and 
electronics. 

Each robot has a basic three axes with 
the capability of being expanded to eight, 
although the maximum the company has 
so far achieved is seven. The expansion 
is achieved by creating a variety of erid 
effecters, for example a decapper and a 
vibrofeeder. There is also the usual array 
of electrical , pneumatic and suction grip- 
pers. 

The 350 can lift 200gm with a 
repeatability of 1mm and can operate 
within a working envelope measuring 
350mm by 600mm, governed by the size 
of the base on which it is supplied. The 
other three have greater accuracy with a 
repeatability of O.1mm, and a load 
capacity for the 450 of 1kg and 2kg for 
the 900 and 1200. 

The 450 has a reach of 450mm and its 
waist can move through 270 degrees. 
The gripper has vertical movement af 
150mm. Both the 900 and 1200 operate 
on horizontal tracks giving them rectan- 
gular operating areas measuring 900mm 
by 400mm and 1200mm by 600mm. 

Each robot has its own controller and 
it is possible to enter instructions by way 
of a keypad. However an IBM PC is re- 
quired for downloading instructions and 
in many cases for control as well, par- 
ticularly when the robot is working in 
hazardous conditions. 


NEW NAMES 

Two names new to me at the recent 
Automan exhibition were CRSPlus and 
Rob3. CRSPlus is a Canadian company 
which makes a range of three robots, 
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imported by Orme Systems Automation. 
Being quite expensive they are aimed at 
the light industrial market. 

The A150 is the smallest and slowest 
for about £11,000. The A250 costs 
£13,000 with £20,000 being needed for 
the A460. Both the A150 and A250 share 
the same mechanics but the A250 is 
faster and more accurate because of its 
better control system. 

The A150 has a repeatability of 
0.13mm. The A250, because of some- 
thing called proportional integral deriva- 
tive (PID) has a claimed repeatability of 
0.05mm. PID enables the system to 
make quite small adjustments to its 
position, which, apart from the ac- 
curacy, allows the A250 to start decel- 
lerating later than the A150 thus 
increasing its speed. 

With five axes plus a gripper both 
machines can lift up to 2kg and have a 
reach of 26 inches including the gripper. 
Drive is provided by d.c. servos with 
optical encoders for feedback. 

They come with their own controllers 
which have 8K of battery-backed RAM. 
Instructions can be entered by a keypad 
or by making use of the Limp mode 
which allows the robots to be positioned 
by hand. 

The controller's memory can be ex- 
panded to 56K with an optional 32K of 
EEPROM memory. 

There is also an interface available for 
IBMs enabling routines to be written off- 
line and then downloaded or programs to 
be saved from the controller. 

A number of further options are avail- 
able including a braking system which 
holds the robot in its latest position if 
anything should happen to disrupt its 
procedure such as a power failure. Four 
kinds of grippers can be attached, electri- 
cal, pneumatic, magnetic and suction. 


Each machine has three spare lines 
allowing an extra peripheral to be 
customised. And the controller has the 
capacity for up to 16 inputs and 16 
outputs. 

A development soon to be made avail- 
able is an expandable track on which the 
robots can be placed, giving them the 
ability to cover a larger area. 

The larger cousin of the A150 and 
A250, the A460, which has only recently 
been launched in this country, has all the 
abilities of the other two apart from the 
braking facility. However is has six axes 
plus the gripper, a reach of 840mm 
and can lift 3kg with a repeatability of 
0.05mm. 


GERMAN ROBOT 

Rob3 is a German educational 
machine, which with its larger industrial 
version Rob3i, is imported by JMA. Both 
have five axes plus gripper with an 
accuracy of 0.5mm. Rob3 can lift 250gm 
while Rob3i has a capacity double that. 

All five axes on both machines can 
move through 200 degrees and there is 
a choice of three grippers, electrical, 
pneumatic and suction. 

Instructions can be entered into the 
robots own controllers by way of a 
keypad. There is also software available 
for linking to an IBM PC or compatible. 

The robots can be linked together to 
form a work cell and JMA supplies a 
variety of components including a turn- 
table, conveyor belt, and a vision system. 
A complete cell costs between £20,000 
and £25,000 depending on the com- 
ponents. 

The vision system, Inspector 16, is also 
sold separately by JMA for about £5,000. 
For that the user gets the camera, lens, 
lighting and software. It uses a high 
definition CCD camera. 


A Labman 900 set up with a Bar Code reader as a slide preparation system 
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ELECTRONICS TEACH-IN 88/89- 

INTRODUCING MICROPROCESSORS 

Mike Tooley BA (published by Everyday 
Electronics) 

A complete course that can lead successful readers to the 
award of a City and Guilds Certificate in Introductory 
Microprocessors (726/303). The book contains every- 
thing you need to know including full details on register- 
ing for assessment, etc. 

Sections cover Microcomputer Systems, Micro-proces- 
sors, Memories, Input/Output, Interfacing and Program- 
ming. There are various practical assignments and elght 
Data Pages covering the most popular microprocessor 
chips 

An excellent introduction to the Subject even for those 
who do not wish to take the City and Guilds assessment. 


80 pages (A4 size) [Order code TI 88 89] £2.45 


SPECIAL EVERYDAY ELECTRONICS BOOKS 


ELECTRONIC PROJECTS BOOK 1 

Published by Everyday Electronics in association with 
Magenta Electronics. 

Contains twenty of the best projects from previous issues of 
EE each backed with a kit of components. The projects are: 
Seashell Sea Synthesiser, EE Treasure Hunter, Mini Strobe. 
Digital Capacitance Meter, Three Channel Sound to Light, 
B8C 16K sideways Ram. Simple Short Wave Radio, insala- 
tion Tester, Stepper Motor interface, Eprom Eraser, 200MHz 
Digital Frequency Meter, Infra Red Alarm EE Eguakser 
loniser, Bat Detector, Acoustic Probe, Malnstester and Fuse 
Finder, Light Rider - (Lapel Badge, Disco Lights, Cheser 
Light), Musical Doorbell, Function Generator, Tilt Alarm 
10W Audio Amplifier, EE Buccaneer Induction Balance 
Metal Detector, BBC Midi Interface, Variable Bench Power 
Supply, Pet Scarer, Audio Signal Generator 


128 pages (A4 size) [Order code EPT) £2.45 


ELECTRONICS TEACH-IN No. 3 - EXPLORING 
ELECTRONICS (published by Everyday Electronics) 
Owen Bishop 
Another EE value for money publication aimed at students of 
electronics. The course is designed to explain the workings 
of electronic components and circuits by involving the reader 
in experimenting with them. The book does not contain 
masses of theory or formulae but Straightforward explana- 
tions and clreuits to build and experiment with. 

Exploring Electronics contains more than 25 useful 
projects, assumes no previous knowledge of electronics and 
is split Into 28 easily digestible sections 


88 pages (Ad size) [Order code T13] £2.45 


ELECTRONICS TEACH-IN No. 4 

INTRODUCING DIGITAL ELECTRONICS (published 
by Everyday Electronics) 

Michael J. Cockcroft 

Although this book is primarily a City & Guilds Introductory 
level course (726/301), approximately 80% of the Informa- 
tion forms a very basic introduction to electronics in general, 
it therefore provides an excellent introductory text for begin- 
ners and a course and reference book for GCSE students. 

Full details on registering for C&G assessment. detalls of 
assessment centres, components required and information 
on the course in general are given. 

The City & Guilds Introduction to module 726/301 reads: 
"A candidate who satisfactorily completes this module will 
have a competence to identify basic components and digital 
integrated circuits and connect them together to form simple 
working Circuits and logic units.” This provides an excellent 
Introduction to the book 


112 pages (A4 size) [Order code 114] £2.95 


EVERDAY ELECTRONICS DATA BOOK 
Mike Tooley BA 
(published by EE in association with PC Publishing) 
This book is an invaluable source of information of everyday 
relevance in the world of electronics. It contains not only 
sections which deal with the essential theory of electronic 
circults, but it also deals with a wide range of practical 
electronic applications 

It Is ideal for the hobbyist, student. technician and en- 
gineer. The information is presented In the form of a basic 
electronic recipe book with numerous examples showing 
how theory can be put into practice using a range of 
commonly available “industry standard’ components and 
devices, 

A must for everyone involved in electronics! 


256 pages [Order code DATA] 


£8.95 


DIRECT BOOK SERVICE 


The books listed have been selected by Everyday Electronics editorial staff as 
being of special interest to everyone involved in electronics and computing. They 
are supplied by mail order direct to your door. Full ordering details are given on 
the last book page. For another selection of books see next month's issue 


TESTING, THEORY AND REFERENCE 


ELECTRONIC TEST EQUIPMENT HANDBOOK 
Steve Money 
The principles of operation of the various types of test 
instrument are explained in simple terms with a minimum 
of mathematical analysis. The book covers analogue and 
digital meters, bridges, oscilloscopes, signal generators, 
counters, timers and frequency measurement. The practi- 
cal uses of the instruments are also examined 

Everything from Audio oscillators, through R C&L 
measurements (and a whole lot more) to Waveform Gen 
erators and testing Zeners. A truly comprehensive book for 
the hobbylst, student, technician and engineer. 
206 pages [Order code PC TOS £8.95 


HOW TO TEST ALMOST EVERYTHING 
ELECTRONIC - 2nd EDITION 
Jack Darr and Delton T. Horn 
Describes electronic tests and measurements - how to 
make them with all kinds of test equipment, and how to 
interpret the results. New sections in this edition Include 
logic probes, frequency counters. capacitance meters, and 
more. (An American book.) 

£9.05 


190 pages [Order code 12925) 


GETTING THE MOST FROM YOUR MULTIMETER 
R.A. Penfold 
This book is primarily almed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing the 
relative merits and the limitations of the two types In 
Chapter 2 various methods of component checking are 
described including tests for transistors. thyristors, resis- 
tors, capacitors and dlodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 


tackle servicing of most electronic projects. 
96 pages empora Sur oenn 


MORE ADVANCED USES OF THE MULTIMETER 
R. A. Penfold 
This book is primarily intended as a follow-up to BP239 
(see above), and should also be of value to anyone who 
already understands the basics of voltage testing and 
simple component testing. By using the techniques des- 
cribed In chapter 1 you can test and analyse the perfor- 
mance of a range of components with just a multimeter 
(plus a very few inexpensive components In some cases) 
Some useful quick check methods are also covered. 

While a multimeter is supremely versatile, it does have 
its limitations. The simple add-ons described in chapter 2 
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extended the capabilities of a multimeter to make it even 
more useful. The add-ons described include an active vf 
probe, a high resistance probe. an a.c sensitivity booster, 
and a current tracer unit 


84 pages 


(nny £2.95 


THE ILLUSTRATED DICTIONARY OF 
ELECTRONICS - 4th EDITION 
Rufus P. Turner and Stan Gibilisco 
With more than 27,000 terms used in electronics today, 
this collection is THE most comprehensive dictionary 
available. Including all practical electronics and computer 
terms, it is as up-to-date as the latest advances in the field 
itself! Tables and data on subjects most often consulted for 
Projects and experiments are included. Other conversicn 
tables include Engilsh/metric and metric/English con 
versions for units of energy, power and volume. and 
Fahrenheit/Celsius temperature conversion charts 

Setting this edition apart from other electronic dic 
tionaries is its emphasis on Illustration Featuring moe 
than complete definitions, this fourth edition includes over 
450 detailed drawings and diagrams. 

All entries are listed in alphabetical order Abbreviations 
and initials are listed In sequence with whole words. All 
terms of more than one word are treated as one word (An 


American book) 
[Order code T2900) 


648 pages 

ELECTRONICS - A "MADE SIMPLE" BOOK 

G. H. Olsen 

This book provides excellent background reading for our 
Introducing Digital Electronics series and will be of interest 
to everyone studying electronics. The subject is simply ex 
plained and well illustrated and the book assumes only a 
very basic knowledge of electricity 

330 pages [Order code NETO) £4.95 


£23.65 


PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE 
F. A. Wilson, C.G.L.A., C.Eng., FLE E. F.LE.R.E. F.B.I.M. 
Bridges the gap between complicated technical theory 
and "cut-and-tried" methods which may bríng success in 
design but leave the experimenter unfulfilled. A strong 
practical bias - tedious and higher mathematics have been 
avoided where possible and many tables have been in- 
cluded. 

The book is divided into six basic sections: Units and 
Constants, Direct-current Circults, Passive Components. 
Alternating-cument Circuits. Networks and Theorems 


Measurements. 
[Order code BP53] £3.95 


256 pages 


MICROELECTRONIC SYSTEMS 

N2 CHECKBOOK 

R. Vears 

The aim of this book is to providė a foundation jn 
microcomputer hardware, software and interfacing tech 
niques. Each topic is presented in a way that assumes only 
an elementary knowledge of microelectronics systems and 
logic functions. The book concentrates on 6502. 280 and 
6800 microprocessors and contains 60 tested programs, 
160 worked problems and 250 further problems 


256 pages [O des code NEOAN MAE 


PRACTICAL DIGITAL ELECTRONICS 
HANDBOOK 
Mike Tooley (Published in association with 
Everyday Electronics) 
The vast majority of modern electronic systems rely 
heavlly on the application of digital electronics, and the 
Practical Digital Electronics Handbook aims to provide 
readers with a practically based introduction to this 
Subject. The book will prove invaluable to anyone 
involved with the design, manufacture or servicing of 
digital circuitry, as well as to those wishing to update 
their knowledge of modern digital devices and tech- 
niques. Contents: Introduction to integrated circuits; 
basic logic gates; monostable and bistable devices; 
timers; microprocessors; memories; input and output 
devices; Interfaces; microprocessor buses Appendix 1 
Data. Appendix 2: Digital test gear Projects; tools and 
test equipment; regulated bench power supply, logic 
probe; logic pulser; versatile pulse generator; digital 
IC tester; current tracer audio logic tracer; RS-232C 
breakout box; versatile digital counter/frequency meter. 
Appendix 3: The oscilloscope Appendix 4: Suggested 
reading. Appendix 5: Further study 
Ó 


208 pages [Order code PCTOO] 


ELECTRONICS-BUILD AND LEARN 

R.A. Penfold 

The first chapter gives full constructional details of a cir- 
cuit demonstrator unit that is used in subsequent chapters 
to introduce common electronic components - resistors, 
capacitors. transformers, diodes, transistors. thyristors, fets 
and op amps. Later chapters go on to describe how these 
Components are bullt up into useful circuits, oscillators 
muitivibrators, bistables and logic circuits. 

At every stage in the book there are Practical tests and 
experiments that you can carry out on the demonstrator 
unit to Investigate the points described and to help you 
understand the principles involved. You will soon be able 
to go on to more complex circuits and tackle fault finding 
logically in other circuits you build 
120 pages O PCIÓ £5.95 


£6.95 


Everyday Electronics, September 1991 


UDIO AND MUSIC 


MAKE MONEY FROM HOME RECORDING 
Clive Brooks 
Now that you've spent a fortune on all that recording gear, 
MIDI and all, wouldn't it be nice to get some of it back? 
Well here’s the book to show you how 

It's packed with money making Ideas, any one of which 
will recoup the price of the book many times over. Whether 
you have a fully fledged recording studio at home, or just 
a couple of stereo cassette recorders and a microphone, 
you'll be able to put the ideas in this book into practice and 


make money 
105 pages [Order code PC Oa ER 


INTRODUCTION TO DIGITAL AUOIO 
lan Sinclair 
Digital recording methods have existed for many years and 
have become familiar to the professional recording en- 
gineer, but the compact disc (CD) was the first device to 
bring digital audio methods into the home, The next step is 
the appearance of digital audio tape (DAT) equipment. 

All this development has involved methods and circuits 


ELECTRONIC CIRCUITS FOR THE COMPUTER 
CONTROL OF MODEL RAILWAYS 
R. A. Penfold 
Home computers may easily be applied to the control 
of model rallways and really quite sophisticated control, 
which needs only simple programming, is not too difficult 
to achieve. The main problem lies in interfacing the com- 
puter to the tayout, but fortunately it is not too difficult or 
expensive to build suitable interfaces, and this book shows 
you how 

The project consists of various types of controller, in- 
cluding a high quality pulse type, as well as circuits for 
train position sensing, signal and electric points control 
etc. The use of computers does not have to be restricted to 
massive layouts. Something as simple as an oval of track 
with a single siding can be given a new dimension by 
adding computer control and much:fun can be had from 
these relatively simple set-ups. 


88 pages BPTS £2.95 


REMOTE CONTROL HANDBOOK 

Owen Bishop 

Remote control systems lend themselves to a modular 
approach. This makes it possible for a wide range of 
systems, from the simplest to the most complex, to be 
built up from a number of relatively simple modules 
The author has tried to ensure that, as far as possible, 
the circuit modules in this book are compatible with 
one another. They can be linked together in many dif- 
ferent configurations to produce remote control systems 
tailored to switch a table lamp on and off, or to operate 
an industrial robot, this book should provide the circuit 


you require. 
226 pages [Order code 55240 MALL 


COIL DESIGN AND CONSTRUCTION MANUAL 
B. B. Babani 
A complete book for the home constructor on "how to 
make” RF, IF, audio and power coils, chokes and trans- 
formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail 
Although this book is now rather old, with the exception of 
torroids and pulse transformers little has changed in coil 
design since it was written 

£2.50 


96 pages Order code 160) 


30 SOLDERLESS BREADBOARD PROJECTS - 

BOOK 1 

R.A. Penfold 

Each project. which is designed to be built on a Vero- 
bloc" breadboard, is presented in a similar fashion with a 
brief circuit description, circult diagram, component layout 
diagram, components list and notes on construction and 
use where necessary. Whenever possible, the components 
used are common to severa! projects, hence with only a 
modest number of reasonably Inexpensive components. it 
is possible to bulld in turn, every project shown. Recom 

mended by BICC- Vero. 

160 pages Ó BPTO £2.95 


BOOK 2- 
All projects use CMOS I.c.s. but the items on component 
identification etc., are not repeated from Book 1 

E £2.25 


160 pages [Order code BPT T) 


ELECTRONIC CIRCUITS HANDBOOK 

Michael Tooley BA 

This book aims to explode two popular misconceptions 
concerning the design of electronic circuits: that only 
those with many years of experience should undertake 
circuit design and that the process relles on an under- 
standing of advanced mathematics. Provided one is not 
too ambitious, neither of these popularly held beliefs is 
true. 

Specifically, this book alms to provide the reader with 
a unique collection of practical working circuits to- 
gether with supporting information so that circuits can 
be produced in the shortest possible time and without 
recourse to theoretical texts. 

Furthermore, information has been included so that the 
Circuits can readily be modified and extended by readers to 
meet their own individual needs. Related circuits have 
been grouped together and cross-referenced within the 
text (and also in the index) so that readers are aware of 
which circuits can be readily connected together to form 
more complex systems. As far as possible, a Common range 
of supply voltages, signa! levels and impedances has been 
adopted. 

As a bonus, ten test gear projects have been included. 
These not only serve to illustrate the techniques described 
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that are totally alien to the technician or keen amateur who 
has previously worked with audio circuits. Tha principles 
and practices of digital audio owe little or nothing to the 
traditional linear cicults of the past, and are much more 
comprehensible tg today's computer engineer than the 
older generation of audio engineers. 

This book is intended to bridge the gap of understand- 
ing for the technician and enthusiast. The principles and 
methods are explasned, but the mathematical background 
and theory is avoided, other than to state the end product. 


128 pages £5.95 


SYNTHESIZERS FOR MUSICIANS 

R.A. Penfold 

Modern synthesizers are extremely complex. but they 
mostly work on principles that are not too difficult to 
understand. If you want to go beyond using the factory 
presets or the random poking of buttons, this is the book 
for you 


{t covers the principles of modern synthesis - lineam 


arithmetic as used by Roland, phase distortion (Casio), 
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but also provide 4 range of test equipment which is useful 


in its own right 
277 pages £16.95 


AUDIO IC CIRCUITS MANUAL 

R. M. Marston 

A vast range of audio and audio-associated i.c.s are 
readily available for use by amateur and professional 
design engineers and technicians. This manual is a guide 
to the most popular and useful of these devices, with 
over 240 diagrams. It deals with i.c.s. such as low 
frequency Ilneai amplifiers, dual pre-amplifiers, audio 
power amplifiers, charge coupled device delay lines, 
bar-graph display drivers, and power supply regulators 
and shows how to use these devices in circuits rang» 
ing from simple signal Conditioners and filters to com- 
plex graphic equalizers, stereo amplifier systems, and 
echo/reverb delay line systems etc. 

168 pages tder code NETS £12.95 


HOW TO DESIGN ELECTRONIC PROJECTS 

R. A. Penfold 

The aim of this book is to help the reader to put to 
gether projects from standard circuit blocks with a mini- 
mum of trial and error, but without resorting to any ad- 
vanced-mathematics. Hints on designing circuit blocks to 
meet your special requirements are also provided. £228 


128 pages [Order code EP127) 


50 CIRCUITS USING GERMANIUM SILICON AND 
ZENER DIODES 

R. N. Soar 

Contains 50 interesting and useful circuits and applica- 
tions, covering many different branches of electronics, 
using one of the most simple and inexpensive of com- 


ponents - the diode. Includes the use of germanium and 
silicon signal diodes, silicon rectifier diodes and Zener 
diodes, etc. 

64 pages [Order code BP 30] £1.50 


DESIGNING WITH LINEAR ICs 

G. C. Loveday 

A book that deals with the design of the vital area of 
analog circuitry covering design with modern linear in- 
tegrated circult devices The first chapter introduces the 
reader to important design techniques. test strategies, lay- 
out, and protection and also Includes a section on the.use 
of a typical CAD tool. There are separate chapters that 
cover in depth the use of op-amps, comparators and timers 
each with detailed design examples and reader exercises 
A final chapter brings al! the previous work together in a 
number of complete design problems with fully worked 
solutions. The text is essentially non-mathematical and is 
supported by many diagrams 

180 pages [Order code BM3] £8.95 


TIMER/GENERATOR CIRCUITS MANUAL 
R. M. Marston 
This manual is concerned mainly with waveform generator 
techniques and circuits. Waveform generators are used 
somewhere or other in most types of electronic equipment, 
and thus form one of the most widely used classes of 
circuit, They may be designed to produce outputs with 
sine, square. tiiangle, ramp, pulse, staircase, or a variety ol 
other forms. The generators may produce modulated or 
unmodulated outputs, and the outputs may be of singie or 
multiple form. 

Waveform generator circuits may be built using transis- 
tors, op-amps. standard digital ICs, or dedicated waveform 
or "function" generator ICs. 


Yamaha's frequency modulation, and sampling - and 
then describes how the instruments are adjusted to 
produce various types of sound - strings. brass, percus- 
slon, etc. The theoretical side of synthesis is treated in an 
easy to understand way - the technical information 
being restricted to what you need to know to use your 


instrument effectively 
168 pages £6.95 


AUDIO 

F. A. Wilson, C. G. I. A., C.Eng.. FLE.E.. F.l.E.R.E., 
F.B.I.M. 

Analysis of the sound wave and an explanation of acousti- 
cal quantities prepare the way. These are followed by a 
study of the mechanism of hearing and examination of the 
various sounds we hear. A look at room acoustics with 
a subsequent chapter on microphones and loudspeakers 
then sets the scene for the main chapter on audio systems 
- amplifiers, oscillators, disc and magnetic recording and 


electronic music. 
320 pages [O der code EPT —— 6595 


The manual is divided into eleven chapters, and presents 
over 300 practical circuits, diagrams and tables. The sub- 
jects covered include: Basic principles; Sine wave gener- 
ators; Square wave generators: Pulse generator circuits; 
“Timer IC” generator circuits; Triangle and sawtooth gen- 
erators; Multi- waveform generation; Waveform synthesizer 
ICs; Special waveform generators; Phašelocked loop cir 
cuits; Miscellaneous 555" circuits. 

£12.95 


267 pages Order code NETS] 


OPTOELECTRONICS CIRCUITS MANUAL 
R. M. Marston 
A usetul singie-volume guide to the opioelectronics 
device user, specifically aimed at the practical design 
engineer, technician, and the experimenter, as well as the 
electronics student and ameteur. It deals with the subject 
in an easy-to-read, down-to-earth, and non-mathematical 
yet comprehensive manner, explaining the basic principles 
and characteristics of the best known devices, and 
presenting the reader with many practical applications and 
over 200 circuits, Most of the i.c.s. and other devices used 
are inexpensive and readily available types, with unlver 
sally recognised type numbers 

£12.95 


182 pages [Order code NETA) 


POPULAR ELECTRONIC CIRCUITS - BOOK 1 
POPULAR ELECTRONIC CIRCUITS - BOOK 2 

R. A. Penfold 

Each book provides a wide range of designs for electronic 
enthusiasts who are capable of producing working 
projects from just a circuit diagram without the aid of 
detailed construction information. Any special setting-up 
procedures are'described. 

BOOK 1760 pages £2.95 
BOOK 2 160 pages £2.95 


CMOS CIRCUITS MANUAL 
R. M. Marston 
Written for the professional engineer, student or en- 
thusiast. It describes the baslc principles and characteris 
tics of these devices and includes over 200 circuits 

All the circuits have been designed. built and fully 
evalusted by the author: all use inexpensive and interna: 
tionally avallable devices. 

£12.95 


187 pages [6 dor code NETZ] 
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HOW TO DESIGN AND MAKE YOUR OWN P.C.B.s 
R. A. Pentold 

Deals with the simple methods of copying printed circuit 
board designs from magazines and books and covers 
all aspects of simple p.c.b. construction including 
photographic methods and designing your own p.c.b.s. 

80 pages [O der code EP) 27 ME 


HOW TO GET YOUR ELECTRONIC PROJECTS 
WORKING 

R. A, Penfold 

We have all built projects only to find that they did not 
work correctly, or at all, when first switched on. The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking for 
many of the common faults that can occur when building 
up projects. 
96 pages 


[Order code Bb £2.50 


DUCTOR & LOGIC SYMBOLS 


eno Gee Bi 


BEGINNER'S GUIDE TO RADIO - 9th EDITION 
Gordon J, King 

Radio signals, transmitters, receivers, antennas, com 
ponens; valves and semiconductors, CB and amateur 
radio 

266 pages O 08 £6.95 


ANINTRODUCTION TO RADIO-DXING 

R. A. Penfotd 

Anyone can switch on a short wave receiver and play with 
the controls until they pick up something, but to find a 
Particular station, country or type of broadcast and to 
receive it as clearly as possible requires a little more skill 
and knowledge, The object of this book is to help the 
reader to do just that, which in essence is the fascinating 


hobby of radio DXing 
[Order code BPOT} £1.95 


112 pages 

ATV-DXERS HANDBOOK 

R. Bunney 

Roger Bunney is probably one of the leading authorities in 


SERVICING PERSONAL COMPUTERS 

2nd EDITION 

Mike Tooley BA 

The revised and enlarged second edition contains a new 
chapter on the 18M PC, AT, TX and compatibles. It is es 

sential for anyone concerned with the maintenance of per- 
sonal computer equipment or peripherals, whether profes- 
sional service technician, student or enthusiast. 


240 pages (Hard ada Order code NETS] £25 


HOW TO EXPAND, MODERNISE AND REPAIR PCs 
AND COMPATIBLES 

R. A. Penfold 

Not only are PC and compatible computers very expan- 
dable, but before long most users actually wish to take 
advantage of that expandability and start upgrading their 
PC systems. Some aspects of PC upgrading can be a bit 
confusing, but this book provides advice and guidance on 
the popular forms of internal PC expansion, and should 
help to make things reasonably straightforward and pain 
less. Little knowledge of computing is assumed. The only 
assumption is that you can operate, a standard PC of some 
kind (PC, PC XT, PC AT, or a 80386 based PC). 


PROJECT CONSTRUCTION 


ELECTRONIC SCIENCE PROJECTS 

O. Bishop 

These projects range in complexity from a simple colour 
temperature meter to an infra-red laser. There are novelties 
Süch as an electronic clock regulated by a resonating 
Spring, and an oscilloscope with solid-state display. There 
are scientific measuring instruments such as a pH meter 
and an electro-cardiometer All projects have a strong 
scientific flavour. The way they work. and how to build 
and use them are fully explained 

144 pages Ó BP104 £2.95 


BEGINNER'S GUIDE TO BUILDING ELECTRONIC 
PROJECTS 

R. A. Penfold 

Shows the complete beginner how to tackle the practi 
cal side of electronics, so that he or she can confidently 
burid the electronic projects that are regularly featured in 


CHART OF RADIO. ELECTRONIC, 
SEMICONDUCTOR AND LOGIC SYMBOLS 

M. H. Banani B.Sc.(Eng.) 

Illustrates the common, and many.of the not-so-common 
radio, electronic. semiconductor and logic symbols thai 
are used in books, magazines and Instruction manuals, 
etC., in most countries throughout the world 


Chart [Order code EP27) £0.95 


this country on the subject. Includes many units and 
devices which have been designed and used by ac- 
tive enthusiasts, and often, considerable ingenuity and 
thought have gone into the development of such units to 
overcome individual problems. A practical and authorita 
tive reference to this unusual aspect of electronics 

128 pages Ó BP176 £5.95 


EXPERIMENTAL ANTENNA TOPICS 

H. C. Wright 

Although nearly a century has passed since Marconi's first 
demonstration of radio communication, there is still re- 
search and experiment to be carried out in the field of 
antenna design and behaviour. 

The aim of the experimenter will be to make a 
measurement or confirm a princlple, and this can be done 
with relatively fragile, short-life apparatus. Because of this, 
devices described in this book make liberal use of 
cardboard, cooking foil, plastic bottles, cat food tins, etc 
These materials are, in general, cheap to obtain and easily 
worked with simple tools, encouraging the trial-and-error 
philosophy which leads to innovation and discovery 


The subjects covered include: PC overview; Memory 
upgrades; Adding a hard disk drive; Adding a floppy disk 
drive; Display adaptors and monitors; Fitting a maths 
co-processor: Keyboards; Ports; Mice and digitisers, 
Maintenance (including preventative maintenance) and 
Repairs, and the increasingly popular subject of d.i y. PCs 
156 pages 


ANINTRODUCTION TO PROGRAMMING THE BBC 
MODEL B MICRO 

R. A & J. W. Penfold 

Written for readers wanting to learn more about program- 
ming and how to make best use of the incredibly powerful 
model B's versatile features. Most aspects of the BBC 
Micro are covered, the omissions being where little could 
usefully be added to the Information provided by the 
manufacturer's own manual 

144 pages de BP1 39 £1.95 


ANINTRODUCTION TO 6502 MACHINE CODE 
R. A. & J. W. Penfotd 
No previous knowledge of microprocessors ` or 


LITE 


magazines and books. Also includes examples in the form 
of simple projects. 


112 pages [Order code 227) £1.95 
TEST EQUIPMENT CONSTRUCTION 
R. A. Penfold 


This book describes in detail how to construct some simple 
and inexpensive but extremely useful. pieces of test eguip- 
ment. Stripboard layouts are provided for all designs, to- 
gether with wiring diagrams where appropriate, plus notes 
on construction and use 

The following designs are included:- AF Generator, 
Capacitance Meter, Test Bench Amplifier, AF Frequency 
Meter, Audio Millivoltmeter, Analogue Probe, High Resis- 
tance Voltmeter, CMOS Probe, Transistor Tester, TTL 
Probe. The designs are suitable for both newcomers and 
more experienced hobbyists 


104 pages [O dencode £2.95 


INTERNATIONAL TRANSISTOR EQUIVALENTS 
GUIDE 

A. Michaels 

Helps the reader 10 find possible substitutes for a 
Popular selection of European. American and Japanese 
transistors. Also shows material type. polarity. manufac- 
turer and use 

320 pages O de BPS £3.50 


Although primarily a practical book with text closely 
supported by diagrams, some formulae which can be used 
by straightforward substitution and some simple graphs 
have also been included. 

72 pages è BP278 £3.50 


NEWNES SHORTWAVE LISTENING 
HANDBOOK 
Joe Pritchard GIUQW 
Part One covers the "science" slde of the subject, going 
from a few simple electrical "first principles“, through a 
brief treatment or radio transmission methods to simple 
receivers. The emphasis is on practical receiver designs 
and how to bulld and modify them, with several clrcuits in 
the book 

Part Two covers the use of sets, what can be heard 
the various bands, propagation, Identification of stations 
sources of information, QSLing of stations and listening 
to amateurs. Some computer techniques, such as com- 
puter morse decoding and radio teletype decoding are also 
covered. 

£14.95 


224 pages O N » 


machine code is assumed. Topics covered are 
assembly language and assemblers, the register set 
and memory, binary and hexadecimal numbering 
Systems, addressing modes and the instruction set, 
and also mixing machine code with BASIC. Some 
simple programming examples are given for 
6502-based home computers like the VIC-20, 
ORIC-1/Atmos, Electron. BBC and also the 
Commodore 64 

112 pages Ó BP14 £2.95 


The PRE-BASIC BOOK 

F. A. Wilson, C.G.I.A., C.ENG., F.I.E.E 

FJ.E.R.E., F. B.I.M. 

Another book on BASIC but with a difference. This 
one does not skip through the whole of the 
Subject and thereby leave many would-be pro- 
grammers floundering but instead concentrates on 
introducing the technique by looking in depth at the 
most frequently used and more easily understood 
Computer instructions. For all new and potential micro 
users 


192 pages Order code BP146 £2.95 


DIRECT BOOK SERVICE 
ORDERING DETAILS 


Please state the title and order code 
clearly, print your name and address and 
add the required postage to the total order. 

Add 75p to your total order for postage 
and packing (overseas readers add £1.50 for 
countries in Europe, or add £2.50 for all 
countries outside Europe, surface mail postage) 
and send a PO, cheque, international money 
order (£ sterling only) made payable to Direct 
Book Service or credit card details, Visa or 
Mastercard (Access) — minimum credit card order 


from old lists. 


is £5 — quoting your name and address, the order 


code and quantities required to DIRECT BOOK 


SERVICE, 33 GRAVEL HILL, WIMBORNE, 
DORSET BH21 1RW (mail order only). 
Although books are normally sent within seven 
days of receipt of your order, please allow a maxi- 
mum of 28 days for delivery. Overseas readers al- 
low extra time for surface mail post. 
Please check price and availability (see latest 
issue of Everyday Electronics) before ordering 


Note - our postage charge is the same for 
one book or one hundred books! 


MORE BOOKS NEXT MONTH 


DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. 
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EVERYDAY — — 


ELECTRONICS 


SUBSCRIPTION ORDER FORM 


Annual subscription rates: UK £17. Overseas £21 
(surface mail) £39 (airmail). After September 1, 1991, 
rates are UK £18.50, overseas £23, airmail £40.50 


To: Everyday Electronics, 6 Church Street 
Wimborne, Dorset BH21 1JH 


I enclose payment of £ (cheque/PO in m 2] 
£ sterling only payable to Everyday Electronics) VISA 
Access or Visa No E -—1 


EFIE SPIRI DLE 


Signature Card Ex. Oate 
Please supply name and address of card- holder if different from the subscription address 
shown above. Subscriptions can only start with the next available issue 

For back numbers see the Edrtorial page 


UT NOW! 


SUMMER 1991 CATALOGUE 


B 192 pages 

Bl 5555s discount vouchers 
m 100s new products 

B New range kits 

B Over 3000 lines 

E Fast same day despatch 


Available from most large 


electronize 
CAR ELECTRONICS KITS 


NEW CODED IR REMOTE CONTROL 

Our latest addition allows contra of our alarms from outside the vehicle. Both 
transmitter and receiver use a chip designed specially for car security systems 
with 59,047 code combinations. You can even set your own code, with several 
vehicles on the same code or several transmitters for one vehicle if required 
The code transmitier, supplied complete with battery, is housed in a purpose 
made case to attach to your key-ring. A high power infra-red emitter gives a 
range of up to § metres 

CODE TRANSMITTER DIY parts kit £13.95 Assembied £17.95 
The low profile receiver is designed to sit on the dashboard top and contains 
ali the electronics to ampiify and decode the intra-red signal. It also has a high 
intensty red L.E.D. which pulses continuously, when armed, to warn off 
intruders and a green L.E.D. which flashes to tell you the system has been 
disarmed. (When used with our Volt Drop or Micro-Pressure alarms a simple 
moditication can remove the entry delay if required.) 

CODE RECEIVER DIY parts kit £21.35 Assembled £26.55 


MICRO-PRESSURE CAR ALARM 


This new type of alarm is triggered by a unique pressure sensing system. As 


any vehicle door is opened air is drawn out, causing a minute drop in air 
pressure. A sensor detects this sudden pressure change and sets off the 
alarm. A sophisticated arrangement of electronic filters and timers provide 
features to match more expensive ultra-sonic systems:- 

fr Operates on ali doors and taligate - no switches needed. 

*r Automatically armed 1 minute after leaving vehicle. 

4 10 second entry delay with audible warning. 

ft Sounds horn or siren Intermittently for 1 minute. 

t Easy fitting - only 3 wires to connect - no holes to drill. 

* Adjustable sensitivity. 

MICRO-PRESSURE ALARM DIY parts kit £15.95 Assembled €22.35 
Also available :- 

VOLT DROP CAR ALARM DIY parts kit £14.90 Assembied £20.95 
120dB PIEZO SIREN (optional for the above alarms) Assembled £11.95 
MICRO-PRESSURE TRIGGER DIY parts kit £10.95 Assembied £14.95 
EXTENDED CDI IGNITION DIY parts kit £22.75 Assembled £28.45 
All the above include cable, connectors and clear easy to follow instructions. 
Ail kits include case, PCB, evarything down to the last washer, even solider 
All prices now include post. packing and VAT on U.K. orders. Same prices 
apply to all European countries. For delivery outside Europe please add £3. 
Telephone orders accepted with VISA or ACCESS payment. 

Order direct (quote ret. E19) or send for more details from 


ELECTROMZE DESIGN Tel. 021 308 5877 


2 Hillside Road, Four Oaks, Sutton Coldfield, B74 400 


newsagents or directly from Cirkit £ 
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CIRKIT DISTRIBUTION LTD 


Park Lane - Broxbourne . Hertfordshire - EN10 7NQ 
Telephone (0992) 444111 - Fax (0992) 464457 
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PCB SERVICE 


Printed circuit boards for certain constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully 
drilled and roller tinned. All prices include VAT and postage and packing. 
Add £1 per board for airmail outside of Europe. Remittances should be sent 
to The PCB Service, Everyday Electronics, 6 Church Street, Wim- 
borne, Dorset BH21 1JH. Cheques should be crossed and made payable 
to Everyday Electronics (Payment in £ sterling only). 


We do have some older boards in stock — please enquire. 

NOTE: While 95% of our boards are now held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery -overseas readers allow extra If ordered by surface mail. 
Please check price and availability in the latest issue. Boards can only be 


supplied on a payment with order basis. 


PROJECT TITLE 
Car Alarm 
EPROM Eraser 


Doorbell Delay 
Infra-Red Object Counter Trans 


Receiver 


Display 


Downbeat Metronome | DEC'88 | 


Phasor 


Continuity Tester 


Sound-to-Light Interface 
Midi Pedal 

Midi Merge 

Audio Lead Tester 


Light Sentinel - Main Board 


AUG'88 M 


OCT 88 
NOV 88 


asa 
set 


FEB 89 
MAR'89 


APR 89 


Remote Interface (4 boards) 


4-Channel Auto-Fade Interface 


Logo/Lego & Spectrum Interface 


Electron A/D Interface MAY 89 
“Spectrum EPROM Programmer JUN' 89 
Bat Detector 
Programmable Pocket Timer JUL89 B 
Electronic Spirit Level AUG '89 
Distance Recorder 
Xenon Beacon SEP'89 
Power Supplies - Fixed Voltage 
Variable Voltage 
Music on Hold 
Power Supplies - 25V 700mA 
30V 1A 
EE Seismograph - Control 
Detector 
Lego/Logo & Spectrum 
Wash Pro 
Biofeedback Monitor — Front End 
Processor 


EEG Electrode Impedance Meter 


` Biofeedback Signal Generator 


Quick Cap Tester 
Weather Station 
Anemometer - Freq./Volt Board 
Optional Display 
Wind Direction 
System Power Supply 
Prophet In- Car loniser 


FEB 90 


EE Weather Station 
Display Driver 
Display and Sensor 

Fermostat Mk2 

Superhet Broadcast Receiver- 

Tuner/Amp 
Stereo Noise Generator 


MAR 90 


APR 90 


Digital Experimenter's Unit- Pulse Generator 
Power Supply 


Enlarger Timer 

EE Weather Station 
Rainfall/Sunlight Display 
Rainfall Sen and Sunlight Sen 

Amstrad Speech Synthesiser 

80 Metre Direct Conversion Radio 

Mains Appliance Remote Control 
Infra- Red Transmitter 

Mains Appliance Remote Control 
Encoder Board A 
Encoder Board B 

The Tester 

Mains Appliance Remote Control 
Mains ON/OFF Decoder 


(5 or more 697's ordered together £3.25 each) 


Simple Metronome 
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691 
692/693 

697 

698 


JUL'90 


AUG'90 


PROJECT TITLE 

Hand Tally 
Main Board (double-sided) and Display Board 

Alarm Bell Time-Out 

Mains Appliance Remote Control 


699, 700 
701 


Temperature Controller (p.c.b. only) 702 
Ghost Walker 703 
Frequency Meter 704 
Freq. Meter/Tachometer 705 
EE Musketeer (TV/Video/Audio) 706 


olour Changing Christmas Lights 707 
Microcontroller Light Sequencer 708/709 
Versatile Bench Power Supply Unit 710 
Teach-In'91, Part 1 -L200 Module 711 

Dual Output Module 712 
LM723 Module 243 
Spatial.Power Display 714 
Amstrad PCW Sound Generator 715 
Teach-In ‘91, Part 2 -G.P. Transistor Amp 717 
Dual Op.Amp Module 718 
Intercom (Teach-In ‘91 Project 2) 719 
Analogic Test Probe 720 
MARC Phone-In s 721 
Teach-In '91 Part 3- TBA820M Amplifier 723 
High Quality Power Amp 724 


725 
726/7/8 


Bench Amplifier (Teach-In '91 Project 3) 
Gingernut 80m Receiver 

R.F. section (726), Voltage Regulator (727) 
Audio Amplifier (728) 


Pocket Tone Dialler MAR 91 


Battery To Mains Inverter 
Simple Basic Alarm 
Car Code Lock (pair) 
Teach-In '91 Part 4 — Sinusoidal Oscillator 
8038 Oscillator 
Waveform Generator (Teach-In '91 Project 4) 
Humidity Tester | APRS! | 91 
Model Train Controller (double-sided) 
Electronic Die (Teach-In ‘91 Project 5) 
Teach-In ‘91 Part 5 -Digital Counter Module 
Modular Disco Lighting System | MAY'91 | 
Switched Power Output Module 
Digital LCD Thermostat-Control Board ; 
i -Power/Relay Board pes "her 
Pulse Generator (Teach-In '91 Project 6) 
Teach-In '91 Part 6- Timer Module 
Digilogue Car Tachometer 
Modular Disco Lights - Simple Chaser 
Sweeper Module 
Automatic Light Control - PSU Board 
Logic Board 
Radio Receiver (Teach-In ‘91 Project 7) 
Teach-In ‘91 Part 7 - R.F. Amplifier Module 
Modular Disco Lights - Masterlink JULY'91 
Ultrasonic Proximity Meter 
Display Unit (753) & Sensor Unit (754) 
Disco Lights (Teach-In '91 Project 8) 
PSU and Pre-amplifier 
Low, Mid, High Filter/Triac (set of 3 boards) 
Teach-In '91 Part 8 -Solid State Switch Module 
Disco Lights - Pattern Gen AUG 91 
Teach-In '91 Part 8-Light Sensitive Switch 
Opto- Link (Teach-In '91 Project 9) - Transmitter 
Receiver 


Portable PEsT Scarer 


Capacitance Meter 
Modular Disco Lights - Dimmer Interface 


rFlzLz----------22.-2-2-2-2-2-2-2--- 


| EE PRINTED CIRCUIT BOARD SERVICE 


1 Order Code Project Ouantity Price "į 
I 2i 
net MMEM ME UM UM LM Oo 
| a 
el 
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= 

OT an PAN ai ns ao ao A "poss wl 
[ vi 
[| Ss enclose payment of £ (chegue/PO in £ sterling only Ei 
payable to Everyday Electronics) Access (MasterCard) or Visa No m 

[| Minimum order for credit cards £5 Pi 
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19“ RACK MOUNTING EOUIPMENT CASES 
This range of 19“ rack cases features satin black finished 16SWG (1.5mm) stee! front panels (no fung holes visible) 
with the rear box assembly constructed trom 20SWG ( 9mm) steel The standard units are 10° (254mm) deep. 

19º project cases only 4º (101mm) deep and are available in the following popuiar sizes. 


PROJECT CASES 
Type Height Price 
PU1 Vat (44mm) £1700 


PU2 32° (88mm) £1890 
PU3 5'4” (133mm) — £2094 
Pua T (178mm) — £22.98 
Pu6 | 107 (266mm}- £27.07 
EOUIPMENT CASES 

Type Height Price Pu2 
ul Fu (44mm) (150 4 
U2 3':' (88mm) £24 75 
U3 Ss (133mm) £2820 
u4 T (178mm) £3055 

Delivery included (UK only) 

All prices include VAT 

BLANKING PANELS, RACKING CONSOLES 

and RACK CABINETS are also available 

Please send SAE for details 

Tel 0275 823983 for Access/Visa Sales or cheque 


with order ti 
ii RACKZ PRODUCTS 
PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY 


555 TIMER 
7805 + V.REG 


741 op.amp 

7905 -V.REG 

7912 -V.REG 

LM337 ADJ REG „50 
.05 EACH 
.12 EACH 

(1000) £5.50 any mix 

(1000) £7.50 any mix 


7812 * V.REG 

LM317 ADJREG 

ZENER DIODES 400mw ALL AT 
HORIZ/VERT CARBON PRESETS 
'AW 5% CARBON RESISTORS 
*aAW'5% CARBON RESISTORS 
5mm REDLED .08 GREEN .08 
DIL SOCKETS L/PROFILE 8 pin .03 
DIL SWITCHES 2 way .40 4way .60 
LM3914 BARGRAPH DRIVER £3.40 


0.1 each 
0.2 each 
YELLOW .09 
14 pin .05 16 pin .06 
10 way .90 


(100) .60 
(100) .90 


18pin 0.7 20pin .68 


R.F. COAX (ANTI MICROPHONIC) 75 OHM RANGE OUTER SHEATH 


(Normally £3.00 mtr) ONLY.90 MTR 100 MTR £60.00 
DIGITAL FREQUENCY METER KIT 2 RANGES 0-30MHZ/25-1000MHZ 
COMPLETE INC 3 PCB'S (EXC. METALWORK) £83.60 
ANALOGIC PROBE KIT (EXC. CASE) £9.80 
We have one of the largest ranges of used test equipment inc: Scopes, 
Analysers, Multimeters. Signal Generators, AF Bridges etc 
Alt by leading manufacturers. E.G. Philips PM3217 50 MHz Scope £300 
For detalis on any of the above contact. 
LYS Electronic Components, 10 Westbrook Road, Portchester, Hants PO16 9NS 

Tel:(0705) 386550 Tel:/Fax: (0705) 388303 (24 hrs) 


A DOT MATRIX 


PRINTER 
FOR ONLY 


£19.95? 


Yes! | have obtained the remaining 
production line parts for the amazing 
AMBER 4000 PRINTER and can supply 
them to you as a kit complete with 
assembly instructions. A few small parts 
will have to be supplied from your own 
spares box, but all the major items 
including the case are included. Send me a 
SAE for full details. 


This superb 40 column printer boasts 
many features and can be driven from both 
parallel and serial signals. The SAE will tell 
all, or send a cheque for £22.95 (inc. £3 
P&P) for immediate dispatch. 


CHIPLINK 


10 Hardys Field, Kingsclere 
Newbury Berks. RG15 8EU 
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1991-1992 


6 
Maas... a 


ALL NEW 
COLOUR 
CATALOGUE 


IN. 


PLUS Test Instruments, I" 
Security, and Component ES = 
Supplement 2 ES 


350 PAGES 


COVERING 
WA E Components 
saat ‘irs E Fans @ Relays 
$7.00 E Public address 
To obtain E Security @ CCTV 
Henry's new catalogue | lll Test instruments 
send envelope, minimum size C4 (1234" x 9"), | @ Speakers liil Disco 


self addressed with £2.65 stamps affixed O 
send £4 ch/po with request for catalogue, 
(Export £6) to the address below. 

Also available for callers. 
Trade/Industry/Education 

Attach notepaper request for FREE 
catalogue with trade price lists. 


HENRYS gases 


404 EDGWARE ROAD, LONDON, W2 1ED 


@ Power supplies 
Bin car li Cables 

@ Inter comms 

@ CB M Tools etc. 

@ Accessories 

for TV-Video 

@ Telephones, 
Computer, Audio etc. 


Sales: 071-258 1831 Fax: 071-724 0322 
Audio and Electronics Specialists 


ESSENTIAL 
READING FOR 
PC HARDWARE 
ENTHUSIASTS 


Summary of contents: 

The book contains a wealth of information about PC hardware and 
gives practical advice for PC builders and upgraders. Written in a light 
hearted style. it is suitable reading for beginners but includes information 
for the more experienced too. 

There are eight chapters; the first is a brief introduction. The second 
chapter gives a potted history of the PC range, and details some of the 
characteristics of each model. Chapter three will be of particular interest 
to those who are undecided about which type of PC to build. It gives the 
pros and cons of all the usual combinations of cases. boards and display 
types 

The fourth chapter is where the real work of assembling the parts is 
described. It includes many practical tips not published elsewhere. If the 
beast won't go when you have bullt it you need to read chapter 5! 

If you already have a PC. but it has failed in some way. chapter six may 
help. whereas chapter seven deals with upgrades. to existing machines. 
Software is briefly discussed in chapter eight and there are Appendices 
with useful data. The book has 112 pages and is in paperback format. 


PARK GATE 
PUBLISHING 


e Bullding your own PC XT or AT? 
e Upgrading an existing PC? 


v Want to know what makes 
them tick? 


e vou neED PC-DIY”’ 


Please send me 
PC-DIY books at £7.95 each inc. P&P 


A cheque/PO for £ is enclosed 


Park Gate Farm 
Stoke Wake 
Blandford Forum 
Dorset 

DT11 OHA 


Name...... : 


Address 


Please allow 21 days for 
| delivery. 
J 
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If you want your advertisements to be seen by the lar 
prepaid rate for semi-display space is £8 (+ VAT) per single column centimetre (minimum 


(minimum 12 words) 


All cheques, postal orders, etc., to be made payable to Everyday Electronics. VAT must be adde 
Classified Advertisement Dept., Everyday Electronics, 6 Church Street, Wimborne, 
For rates and information on display advertisements (‘eth page and larger spaces) 


== SERVICE KN 
MANUALS 


Available for most Video 
Recorders, Colour & Mono 
Televisions, Cameras, Test 
Equipment, Amateur Radio, 
Vintage Valve Wireless, Any 

Audio, Music Systems, 
Computers, Kitchen 
Appliances, etc. 
Equipment from the 1930's to the 
present. 

Over 100,000 models stocked, 
originals & photostats. 


FREE Catalogue Repair & Data Guides 
with all orders 


MAURITRON TECHNICAL 
SERVICES (EE) 


8 Cherry Tree Road, Chinnor, 
Oxfordshire OX9 4QY 
Tel: (0844) 51694 
Fax: (0844) 52554 


BTEC ELECTRONICS 
TECHNICIAN 
FULL-TIME TRAINING 


THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT 
AN EQUAL OPPORTUNITIES PROGRAMME 


O.N.C., O.N.D. and H.N.C. 


Next course commences 


Monday 16th September, 1991 
FULL PROSPECTUS FROM 


LONDON ELECTRONICS COLLEGE 
(Dept EE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: 071-373 8721 


exists to help electronics enthusiasts by 
personal contact and through a 
quarterly Newsletter 
For details, write to the Chairman: 
Mr H. F. Howard, 41 Thingwall Park 


Fishponds, Bristol BS16 2AJ 
Space donated by Everyday Electronics 


Quantity 1-99 100-499 


gest readership at the most economi 
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JPG Electronics 


276-278 Chatsworth Road, Chesterfield S40 2BH 
Access & Visa orders tel: (0246) 211202 


$ AA (HP7) 500mAH £0.99 £0.77 + VAT 
= AA 500mAH solder tags £1.55  £0.95+ VAT 
[TN AA 700mAH high capacity £1.95 £1.20+ VAT 
1 C(HP11), 1.2AH £220 £1.69+VAT 
D: BE C 2AH with solder tags f3.60 £2.25+ VAT 
(+ O (HP2) 1.2AH £260 £1.96 + VAT 
UBE D 4AH with solder tags £495 £3.59+VAT 
2 PP3 8.4V 110mAH £4.95 £3.85 + VAT 
oO Sub C with solder tags 1.2AH £2.50 £1.70 + VAT 
ferii 1/2 AA with solder tags £155  £1174VAT 
* AAA (HP16) 180mAH £175 £1.54 VAT 
da 

Q 

0 

£c 


N. R. BARDWELL LTD (EE 


200 Signal diodes 1N4148 .£1.00 
75 Rectifler Diodes 1N4001 T 
75 Rectifier Olodes 1N4003 

50 Rectilier Olodes 1N4007 

56 Rectifier Olodes 1N5401 

10 NES55 Timer i.c.s. 

5 741 Op Amp Le.s. 

8  C10601 400V 6 amp thyristors 

8 BFYS51 Transistors 

30 BC478 Transistors 

30 MPSA92 Transistors 

25 Asstd. high brightness Le ds 

SO Axial l.e.d.s (Diode package) wide angle red 
50 Rectangular red l.e.d.s 

20 Miniature axial I.e.d.s super bright rea 

24 Miniature red l.e.d.s 3mm dia 

12 Asstd. seven segment displays. 

4 .43" Com. anode seven segment displays 
100 22NF 100V radiai film capacitors 


sss8888888888288 
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100 33NF 50V radial film capacitors 
200 Asstd. disc ceramic capacitors 
BO 4UT 16V Radial electrolytics 
75 4U7 63V Radial electrolytics 
80  10UF 16V Radial electrotytics 
50 10UF 50V Radial electrolytics 
80 22UF 25V Radial electrolytics. 
60 33UF 16V Radial electrolytics 
BO 47UF 16V Radial electrolytics 
50 47UF 50V Radial electrolytics 
SO  100UF 25V Radial electrolytics 
$0 220UF 16V Radial electrolytics 
60 470UF 10V Radial electrolytics 
40  1000UF 10V Radial electrolytics 
30 Asstd. IF transformers 
48 Asstd. coil formers 
100 Asstd. RF chokes 
30 Asstd. dil sockets up to 40 pin. 
30 Assorted socket/conns/edge -dil-sil-etc 
20 1inch Glass reed switches 
10 4P 3W MBB min. rotary switches 
20 Min SP/CO slide switches 
20 Magnetic ear pips plus lead & plug. 
I Peltier effect heat pump 
1 10 watt Stereo amplifier, 4 controls plus data. 
1 10mm Flashing l.e.d. red. £0.75 
1 10mm Ultra bright I.e.d. red 300 MCD 
Prices include VAT. postage £1.00. Stamp for Lists 


288 Abbeydale Road, Sheffield S7 1FL 
Phone (0742) 552886. Fax (0742) 500689 


= Dá nd cá é é cd cá ul cê I IS IIS I S S L dc G A d cac aid a aa aa m d A PA 
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533833832338383838383238 


inc. 
VAT 


VISA 
E 


RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
1 to 24 volts up to A amp. 110 20 volis up to 1 amp. 1 to 16 volts upto 1% 
amps dc Fully stabihsed Twin panel meters tor instant voltage and cur- 
rent readings Overload protection 
ce £45 
radios Unit + Post and 
Size 9x 55 x3. insurance £4 
NEW MODEL. Up to 38volts d.c at 6 amps 10 amps peak Fulty variable] 
Twin panel meters Size 14% x 11 x 4an. £96 inc VAT. Carr £6, 

RADIO COMPONENT SPECIALISTS 
337 WHITEHORSE ROAD, CROYDON 
SURREY, U.K. Tel: 081-684 1665 
Uist, Large SAE. Delivery 7 days. Callers welcome Closed Wednesday 
«m 
Cooke International 
We stock used scopes, signal generators, power 
supplies. power meters, DVM's, oscillators. 
Attenuators, test equipment. Much more available 
visit our showroom and bargain store 
Prices from £5 upwards! Send SAE for lists 
Contact: Cooke international, Unit 4 
Fordingbridge Site, Main Road, Barnham 
Bognor Regis, West Sussex PO22 0EB 
Tel: 0243 545111 - Fax: 0243 542457 
Open: Mon-Fri 9am-5pm or phone 


Special offers for unusual sizes 
only while stocks last. Please 
check availability before ordering. 


Quantity 1-99 100-499 

F cell 7AH 32 x 87mm with flattop — £3.95 £2.80+ VAT 
F cell with solder tags £4.30 £3.00 + VAT 
Cellular telephone battery 

42mm long x 16mm dia £1.45 £0.95 + VAT 
Stick of 4 171 x 16 dia with 150mm 

red & black leads £5.95 £4.00 VAT 
4 cell battery 94 x 25mm 4.8V £3.50 £2.30+ VAT 


All 1 to 99 prices include VAT 
Please add 95p postage & packing per order 


EE reaches 4096 more UK reader 
hobby electronics magazine, 
prove it. EE has been the leading monthly magazine in this 
market for the last six years 


S than any other monthly 
our audited ABC sales figures 


cal price our classified and semi-display pages offer the best value. The 
2.5cm). The prepaid rate for classified adverts is 30p (+ VAT) per word 


d. Advertisements, together with remittance, should be sent to the 
Dorset BH21 1JH. Tel: (0202) 881749. 
please contact our Advertisement Manager, Peter Mew on 0255 850596. 


ON-LINE VIDEO 


ELECTRONICS FOR THE HOBBYIST is a 90 
minute video-cassette using computer-graphic 
Simulations to enable the hobbyist or student to 
understand the way in which common electronic 
components work and Is availabie directly from 
us at only £19.95 inc. P&P. 

Other titles available. S.A E. for list. Allow 14 days 
for delivery. Send Cheques/P.O. payable to: 
On-Line Video Marketing (Dept EV-2) 
The Cottage, Tredown Farm, Bradstone, 
Milton Abbot, Tavistock, Devon PL19 00T 


PLEASE MENTION 


EVERYDAY 


ELECTRONICS 


WHEN REPLYING TO 
ADVERTISEMENTS 


Miscellaneous 


KITS, PLANS, ETC for surveillance, protection 
(sonic, HV). "007" gear. Send 2 x 22p stamps for 
= il 53 Woodland Way. Burntwood. 
Staffs, 

G.CS.E. ELECTRONICS KITS at pocket 
Money prices. S.A.E. for FREE catalogue. 
SIR-KIT ELECTRONICS. 70 Oxford Road. 
Clacton CO15 3TE. 

FREE MEMBERSHIP and introductory pack 
of components worth over £10. Send £1.50 P&P 
to. National Component Club, Higher Ansford. 
Casile Cary. Somerset BA7 7JG. 

PROTOTYPE PRINTED CIRCUIT BOARDS 
one offs and quantities. for details send s.a.e. 
to B.M.A. Circuits, 38 Poynings Drive. Sussex 
BN3 8GR. or phone Brighton 720203. d 

FM STEREO TRANSMITTER. Full kit includ- 
ing PC Board. Tuneabie 88-108MHz to broad- 
cast stereo audio from your CD, record 
player etc to any FM radio throughout your 
house or garden. Kit £15.95. built add £8. 
Send cheques/POs to Gentech. Room HE. 
11 Uxbridge St, Kensington. London W8 7TQ. 
Trade enquiries welcome. 

SPY BOOKS. Interested in espionage. counter- 
surveillance. personal freedom or investigation? 
Do you seek information that some people feel 
should remain a secret or unpublished? Send 
large SAE to PO Box 2072, London NW10 ONZ. 
PCB DRILL BITS. High quality tungsten 
carbide. Many sizes 0.85mm-6.00mm. 50p each. 
Minimum order £5 (inc. postage) Phone 
Richard. 051-420 4590. 

TDK 3.5" DSDD bulk computer discs (100% 
E.F.) post free! 10 £5.50. 50 £25.00. 100 £47.00. 
500 £215.00. Delivery 1-10 days. Cheques pay- 
able to Ian Harrison. 7 Mill Hill. Repton. Derby 
DE6 6GQ. Tel 0283 702875. ; A 
NEW!! CAR RADAR DETECTORS - advanced 
specifications with overhill. round bend. 
long-range capabilities. Detects hand-held. 
static. mobile and photographic 
radar traps. Plus professional quality 
surveillance/countersurveillance equipment. 
Lowest prices in UK"! For catalogue send 2 x 


22p bar S.LC. Detection. PO Box 33, 
Torquay TQ2 7ES 

NEW BOXED BRANDED DISCS. 544“ 
BASF/Verbatim. 10 SS/DD £2. 10 DS/DD 


£3.50. 10 DS/QD £4. 10 DS/HD £7. Add £1 
postage per box (10 discs). Phone Richard, 
051-420 4590. 
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MAKE YOUR INTERESTS PAY! 


Over the past 100 years more than 9 million students throughout the world have found 
it worth their while! An ICS home-study course can help you get a better job, make more 
money and have more fun out of life! ICS has over 90 years experience in home-study 
courses and is the largest correspondence school in the world. You learn at your own 
pace, when and where you want under the guidance of expert ‘personal tutors. Find out 
how we can help YOU. Post or phone today for your FREE INFORMATION PACK on the 
course of your choice. (Tick one box only!) 


8 TV, Video & 
T Electronics Hi-Fi Servicing 


Basic Electronic Refrigeration 8 
Engineering (City & Guilds) Air Conditioning 


a Electrial Engineering |Car Mechanics 


II [éectrica contracting/ [Computer 
: her) | Programming 


GCSE/GCE/SCE over 40 examination subjects to choose from 


Address 


Name 
International Correspondence Schools Dep! ECS 91 


TES Telephone 081 -643 9568 or 041-221 2926 (24 hours) 


3127314 High Street Sutton. Surrey SM1 198 


SHERWOOD ELECTRONIC COMPONENTS 
45 Rutland Street, Mansfield, Notts NG18 4AP 


5mm Red Leds SP29 3 x Cmos 4013 


x 

SP2 = x 5mm Green Leds SP31 4 x Cmos 4071 

SP3 12 x 5mm Yellow Leds SP36 20 x 10ut/25V radial caps 

SP6 12 x 3mm Red Leds SP3? 15 x 100uf/35V radial caps 
SP? 12 x 3mm Green Leds  ;*********5*9*****?. SP38 — 20 x 47uf/25V radial caps 

SPB 10x 3mm YellowLeds : SPECIAL : SP39 12 x 47uf/16V radial caps 
SP10 75 x 1N4148 diodes 3 OFFER 3 SP40 15 x BC237 transisiors 

SP11 25 x 1N4001 diodes E e v... SP42 200 x Mixed C.Film resistors 
SP12 25 x 1N4002 diodes SP44 12 x 5mmLeds-4.ea. Red. Grn., Yel 
SP13 25 x Radial elect. caps Choose any SP45 20 x 1N4000 series diodes 
SP18 15 x BC182 transistors 2 packs SP46 15 x 400mW zener diodes 
SP19 15 x BC183 transistors FREE SP47 5 x Min. push bution switches 
SP20 15 x BC184 transistors spas 12 x Axial elecl. caps 

SP21 15 x BC212 transistors With every 10 — spio2 15 x 8 pin DIL sockets 

SP22 15 x BC214 transistors £1 packs SP103 12 x 14 pin DIL sockets 

SP23 15 x BC549 transistors purchased SP104 12 x 16pin DIL sockets 

SP24 5 x Cmos 4001 SP105 5 x 74LS00 

SP25 5 x 555 timers SP107 15 x Mixed presets 

SP26 5 x 741 Op-amps SP121 8 x Rect Red Leds 5 x 2mm 
SP28 5 x Cmos 4011 SP122 8 x Rect. Green Leds 5 x 2mm 


Other items stocked-Boxes, Buzzers, 
Connectors, Irons. PCB equipment. Meters 
Relays, Switches, Tools. etc 


Catalogue available — price £1 
Contains vouchers redeemable against 
orders. Many new lines in stock 


Cheques or P.O. to NO VAT 


SHERWOOD ELECTRONIC COMPONENTS Piease ado £1 P&P to orders under £20.00 


COMPONENTS 
For TV * Video 
Audio * Computer 


WE CAN SUPPLY A VAST RANGE OF SPARES for many 
makes of TV, Video. Computer & Audio Equipmem WRITE 


(Enc!.sae please) or PHONE 
FOR A ‘PRICE & AVAILABILITY 0452 526883 
on your requirements 
COMPUTER SPARES 
AMSTRAD/SINCL AIR ATARI 

PEGA A (PC 1640) £32.72 YM2149F Sound (ST). 
40010 G. Array £2063 €O14806 CPU(KE/L) £1140 
PCW 8256 Serv Manual£1389 ROM Basic (XE/L) £4 49 
CPC464 Serv Manual. €849 THÉRMISTOR (ST-PSU) £1.34 
AY38912 £5.74  CNY65 (ST-PSU) £4.42 
TEA2000 £4.49 -25C 1364 (ST-PSU £0.97 
UL A6C001E £16.77 SWITCH Reset (S £1.28 
ULA7K010/40056, £17 99 COMMODORE 
ZX8302(0L) £1075 6526 CIA 
ZX6401 £794 6569 VIC 
Spec * 2ROM £16.99 8501 CPU. 
Spec. 48K ROM £8.63 — 8520 Amiga 
Spec. 48K Speaker £149 8701Cik Gen 
Spec. 48K Membrane. .£450 — 901225 ROM (Char | 
+ /128K Membrane £799 901226 ROM (Basic 
* /128K Bubble Mat. [110 — 906114.01PLA 
*/12BK Reset Switch. £105 251641-02 PLA 
28 way Edge Conn £349 All above are manutacturers 
OL Membrane £7.95 genuine spares 


MARAPET (EEJ) 
1 HORNBEAM MEWS 
GLOUCESTER GL2 OUE 


VIDEO BELT KITS 

AMSTRAD VCR4600/4700/5200 
JVC HA3300/3330/3660. 
THORN 8900 to 8922. 

VIDEO PINCH ROLLERS 
AMSTRAO VCR4500/4600 Mod Kit €8 17 

JVC Above models. £5.17 

SHARP vC381/386/388/390 £5.67 

THORN 3v00/06/16/22/23/24 £5 17 

TV SERVICE MANUALS 

AMSTAAD CTV1400 

BINATONE 01/9771 

SINCLAIR MICROVISION. 

SEMICONDUCTORS 

TBAS3O £1.14 UPC1378H 
TBABIOP £1.40 ZTX213 

TDA10018 (2.66 ZTX650 

OTHER ITEMS 

UNIROSS KB68PF Fast Charger tor 
AAA AA (also PP3) 'S. offer 

4core telephone cable per/m 

Plug-in TONE RINGER 


£3.19 
£279 


£2.79 £10.02 


£8.95 
t6 99 
£6.99 


£2.45 
£0.28 
£0.49 


£5.49 
£0.15 
£6.90 


is Is just a small sample ol stock 
Catalogue 50p Chq./Stamps/3xIRC 9. 
MAIL ORDER ONLY. Please add 95p (UK) 
PAP but not VAT. All items subjecl to 
availability - Prices can change without 
noliçe 


EVERYDAY | 


ELECTRONICS 


The No. 1 Magazine for Electronic & Computer Projects 


NEWSAGENT ORDER FORM 


Please reserve/deliver a copy of Everyday Electronics for me each month 


Signed 


Name and Address 
(BLOCK CAPITALS PLEASE) 


Everyday Electronics is published on the first Friday of each month and 
distributed by Seymour 

Make sure- of your copy of EE each month - cut out this form. fill it in 

and hand it to your newsagent. 


Everyday Electronics, September 1991 


| si Na I IU. 1. wis "Nh 
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DISTANCE LEARNING COURSES 


The National College of Technology offer a range of 
packaged learning short courses for study at home or in 
an industrial training environment which carry national 
BTEC awards. Study can commence at any time and at 
any level enabling you to create a study routine to fit 
around existing commitments. Courses on offer include: 


Analogue Electronics 
Digital Electronics 
Fibre/Optoelectronics 
Programmable Logic Controllers 


Tutor support and BTEC certification are available as 
options with no travelling or college attendance re- 
quired. These very popular courses which are ideal for 
vocational training contain workbooks, audio cassette 
lecturettes, PCB's, instruments, tools, components and 
leads as necessary to support the theoretical and 
practical training. Whether you are a newcomer to 
electronics or have some experience and simply need 
an update or certification, there is probably a distance 
learning course ready for you. Write or telephone for 
details to: 


National College of Technology 
NCT Ltd., PO Box 11 
Wendover, Bucks 
Tel: (0296) 624270 


Technical Information Services 
76 CHURCH STREET, LARKIIALL, LANARKSIIIRE, ML? INE 
Tel. (0698) 884585 Mon-Fri 8.30am - 5.00pm 
ES FAX facility avallebio all dey on both lines 
Write now with an SAE for your 


Tel. (0698) 883334 Outwith business hours 
FREE QUOTE FREE VOUCHERS & FREE CATALOGUE 


Remember, no! only do we nave EVERY service sheet ever produced, 
but we also have 


THE WORLDS LARGEST COLLECTION OF 


SERVICE MANUALS 


& WE ARE SOLE SUPPLIERS OF VARIOUS FAULT-FINDING GUIDES 
REPAIR MANUALS & TECHNICAL MANUALS 


CTV, Video, CD, Hi-Fl, Camcorder, Satellites, Computers, Domestic Equip’, ..etc 
— — —— = - 
DATA REFERENCE MANUAL *.....essentiaf for the serious electrician” 
FREE updating and a 10% discount voucher only £5.95 
Incorporales Unique Model Ioeniification and Chassis Data 


35 720K Dskette Drives 

10MByte Wincnesters used 5 months Wty 

$25 Orsk Drives, 80 Tk. DSOD 

525 Desk Drives 80 Tk. DSDD. Used. No Wty 

(The £15 00 grives are sold on a strictty “as is basis 
525 Disks, OSDO. 4Btp«. boxes of 1 

Orgitai multimeter, 14 rai Inc leads & manual 
4QW PSU SV 3.75A 12V 1 5A-12V 044 cased with on/off switch 
SV at 6A 

SV at 104 PSU. 

Disk Drive Cata lead BBC Micro to Disk Drivers). 

Disk Drive Fower tead BBC Micro to Disk Drivers 
68000 CPUs ithe first orders get 10MH2 chips! 
74LS TTL pick and max. Duy 10 0r more for 


Singie £2.00 Dualf4. 00 each 
Single £2.00 Oualf 4.00 each 
£3.50 each 
£0.12 each 


Types available 00 02 04 08 10 11 1215 14715 20 21 26 2 27:30 32533738 42'74 B3 B5 8696 


107 109122 125 132 136 138 139 145 151 153 157 158 1601 
253.257 60:298 353 565 366 373 385 390 399670 682 
256K Byte DRAM Modules removed from equipment 

6264-12 8k Byte SRAM 

62256-10 32X Byte SRAM 

65256 32K Byte rams 

8K Byte NV ram chips 

Keyboard. 100 keys on board LCD & micro lf 

Metal project boxes drilled & painted but unused 29 x 325 x Sem £5.00 each 
Toroxdal mains transformer. 12V 4A & 0 dA 12012 1A & 24 9-0-9 2A €4.00/1 £6.00/2 £8.00 /3 


Prices include postage Ada SOp ipus VAT) to orders below £5.00. All tems new untess stated, 
AGO 17.5% VAT to all prices Send an SAE for our latest list or for more into. 


Dept EE, 374 Milton Road, Cambridge CB4 1SU 
Tel: 0223 424602, 0831 430496 or 0831 430552 (Please note mall order onty) 


162°463 164 165 174191 193240 
£6.00 each 
£3.80 each 
E5.00 each 
£4.00 each 
£3.00 each £10.00 Four 
£8.00 each 


607 


Carbon Film resistors WW 5% E24 series 0.51 R to 10MO 

100 off per value - 75p. even hundreds per value totalling 1000 

Metal Film resistors 4W 10R to 1 MO 5% E12 series - 2p. 1% E24 series 

Mixed metai/carbon film resistors 4W E24 series 1RO to 10MO 

1 watt mixed metal/Carbon Film 5% E12 series 4R7 to 10 Megohms 

Linear Carbon pre-sets 100mW and %W 100R to 4M7 E6 series 

Miniature polyster capacitors 250V working for vertical mounting 

.015. 022. .033. 047, 068-4p. 0.1 - 5p.0.12.0.15, 0.22 - 6p. 0.47 - 8p. 0.68 - 8p. 1.0 - 12p 
Mylar (polyester) capacitors 100V working E12 series vertical mounting 
1000p to B200p - 3p. .01 to .06B - 4p. 0.1 - 5p. 0.12. 0.15, 0.22 - 6p. 0.47/50V - 8p 
Submin ceramic plate capacitors 100V wkg verticat mountings. E12 series 
2% 1.8pf to 47pf - 3p. 2% 56pf to 330pf - 4p. 10% 390p-4700p 

Disc/plate ceramics 50V E12 series 1PO to 1000P, E6 Series 1500P to 47000P 
Polystyrene capacitors 63V working E12 series long axial wires 

10pf to 820pf - 4p. 1000pf to 10.000pf - 5p. 12.000pf 

741 Op Amp - 20p. 555 Timer 

cmos 4001 - 20p. 4011 - 22p. 4017 

ALUMINIUM ELECTROLYTICS (Mfds/Volts) 

1/50. 2.2/50, 4.7/50. 10/25, 10/50 

22/16, 22/25. 22/50, 47/16, 47/25, 47/50 

100/16, 100/25 7p: 100/50 12p; 100/100 

220/16 8p; 220/25. 220/50 10p; 470/16. 470/25 

1000/25 25p: 1000/35. 2200/25 35p; 4700/25 

Submin, tantalum bead electrolyics (Mfds/Volts) 

0.1/35, 0.22/35, 0.47/35, 1.0/35, 3.3/16. 4.7/16 

2.2/35, 4.7/25, 4.7/35. 6.8/16 15p: 10/16. 22/6 

33/10, 47/6, 22/16 30p; 47/10 35p; 47/16 60p; 47/35 

VOLTAGE REGULATORS 

1A + or — 5V, 8V, 12V. 15V, 18V & 24V - 55p 100mA. 58, 12.15. V + 

DIODES (piv/amps) 

75/25mA 1N4148 2p. 800/1 A 1N4006 4%p. 400/3A 1 N5404 14p. 115/15mA OA91 
100/1A 1N4002 3'4p. 1000/1A 1N4007 5p. 60/1.5A S1M1 5p. 100/14 bridge 
400/1A 1N4004 4p. 1250/1A BY 127 10p. 30/15A OA47 

Zener diodes E24 series 3V3 to 33V 400mW - 8p 1 watt 

Battery snaps for PP3 - 6p for PPS 

L.E.O 's 3mm. & 5mm. Red, Green. Yellow - 10p. Grommets 3mm - 2p. Smm 

Red flashing L.E.D.'s require 9-12V supply only 

Mains indicator neons with 220k resistor 

20mm fuses 1 00mA to 5A. O. blow 5p.A/surge 8p. Holders, chassis. mounting 

High speed pc drill O.B. 1.0, 1.3, 1.5, 2.0mm - 30p. Machines 12V dc 

HELPING HANDS 6 ball joints and 2 croc clips to hold awkward jobs 

AA/HP7 Nicad rechargeable cells 90p each. Universal charger unit 

Glass reed switches with single pole make contacts - Bp. Magnets 

0.1" Stripboard 2%" x 1º 9 rows 25 holes - 25p. 3!. x 24" 24 rows 37 holes 

Jack plugs 2.5 & 3.5m 

Sockets Panel Mtg. 2.5 & 3.5m 

TRANSISTORS 

BC107/8/9 - 12p. BC547/8/9 - Bp. BC557/8/9 - 8p. BC182. 182L. BC183. 183L 
BC184, 184L, BC212. 212L - 10p. 

BC327, 337. 337L - 12p. BC727. 737 - 12p. BD135/6/7/8/9 - 25p. BCY70 - 15p 
BFY50/51/52 - 20p 

BFX8B - 15p. 2N3055 - 50p. TIP31, 32 - 30p. TIP41, 42 - 40p. BU208A - £1.20, BF195. 197 - 12p 
lonisers with seven year guarantee, list price £16.95 £12.00 


All prices are inclusive of VAT. Postage 30p (free over £5). Lists Free. 


THE CR SUPPLY CO 


127 Chesterfield Rd., Sheffield S8 ORN 
Tel: 0742 557771 Return posting 


“For serious document production it 
knocks other DTP software into 
the proverbial cocked hat.” 


Those are the words of Jim Tyler, an independent 
journalist after reviewing Typefit for “Micro Computer 
Mart”. His letter to us went on to say: 

“I spent two years editing a magazine, I have been in- 
volved in running a DTP bureau and I currently make my 
living writing classic car restoration manuals for a divi- 
sion of Reed Business International. I would choose Typefit 
for any of these roles.” 

No we did not pay him anything — he did not even get a 
free copy of our software (Typefit only costs £185 + VAT 
anyway). And just for the sceptics he is not a personal 
friend, relative or shareholder in the company. 

His sentiments are backed up by our customers, some 
of which have changed from other well-known DTP 
packages costing much more — they tell us Typefit is more 


Typefit 


THE TYPESETTING BUREAU LTD 


PC page make-up software and typesetter output bureau 


LOW COST UHF RADIO SWITCHING 
AS USED BY THE PROFESSIONAL SECURITY MARKET 


Incorporating the latest Surface Acoustic Wave technology, the system con- 
sists of a small “zero-power’. UHF transmitter with digital encoder and a 
UHF receiver unit with digital decoder and 3 relay outputs, 2 alternate and 1 
momentary 


8-way DIL switches on both boards set the unique security code. Many 
applications including lighting, alarms. the "automatic home '. etc 


Size Tx 45 x 30mm Rx 55 x 65mm 
Supply: Tx 3-12V Rx 5-12V 
Range Up to 200m 
Complete System (2 kits)..... 
Individual Transmitter 
Individual Receiver 
Please allow 28 days for delivery 
Cheques/POs to: 


BLB Electronics 


341 Darwen Road, Bromley Cross, Bolton BL7 9BY 


ADVERTISERS INDEX 


606 JPG ELECTRONICS. 
Cover (i) KNOWLES & ASSOCIATES. 
608 LYS ELECTRONIC COMP. 

Cover (ii) ^ MAGENTA ELECTRONICS. 
MAPLIN ELECTRONICS 
MARAPET 
MARCO TRADING 
MAURITRON TECH. SERV'S 
NATIONAL COLLEGE OF TECH 
NUMBER ONE SYSTEMS 
OMNI ELECTRONICS. 
PARK GATE PUBLISHING 
RACKZ PRODUCTS 
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SHERWOOD ELEC. COMP 
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TYPESETTING BUREAU. 
WEKA. 
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BK ELECTRONICS 

BLB ELECTRONICS. 

BULL ELECTRICAL 
CAMBRIDGE COMP. SCIENCE 
CHIPLINK. 

CIRKIT DISTRIBUTION 
COMPELEC 

CRICKLEWOOD ELECTRONICS 
CR SUPPLY COMPANY 
ELECTRONIZE DESIGN 

E.P. ELECTRONICS 
GREENWELD ELECTRONICS 
HART ELECTRONIC KITS 
HENRY'S AUDIO ELECT 
HIGH-Q-ELECTRONICS 
HI-TECH INNOVATIVE ELECT 
HOBBYKIT. 
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JAYTEE ELECTRONIC SERV'S. 


6 Church Street, Wimborne 
Dorset BH21 1JH 


Tel: (0202) 882299 
Fax: (0202) 841692 
Modem: (0202) 882270 
DX: 45314 Wimborne 
Datalinx: TYPBUR 


versatile and provides them with use of a better range of 
quality typefaces (230 different fonts). 

With Typefit you do your own ‘Typesetting, proof 
and correct your work, we provide the expensive 
phototypesetter and fonts to give you top quality 2000 
dot per inch bromide output. 

Before investing in any other DTP package and espe- 
cially before spending a small fortune on a specialist 
typesetting computer or other equipment, please investi- 
gate Typefit. 


Published on approximately the first Friday of euch month by Wimborne Publishing Lid.. 6 Church Street, Wimborne. Dorset BH21 IJH. Printed in England by Benham & Co. Limited. 

Colchester. Essex. Distributed by Seymour, Windsor House. 1270 London Rond, Norbury. London SW16 4DH. Sole Agents for Australia and New Zealand -Gordon & Gotch (Asin) Ltd.. 

South Africa -Central News Agency Ltd. Subscriptions INLAND £17.00 and OVERSEAS £21 (£39 airmail) ame to “Everyday Electronics" Subscription YA mes 6 Church Sireet. 
u 


Wimborne, Dorset BH21 IJH. EVE 
given. he lent, resold. hired out or otherwise disposed of by way of Tra 


YDAY ELECTRONICS is sold eap to the following conditions, namely t 
t 


Bt it shall not, without the written consent of the Publishers first having been 


ic nt more than the recommended selling price shown on the cover. and that it shall not be lent. resold. hired out or 


otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade or allixed to or as part of any publication ar advertising. literary or pictorint matter whatsoever. 


POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- 
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS 


OMP POWER AMPLIFIER MODULES — Suppliec ready buit ana testes. 
OMP POWER AMPLIFIER MODULES Now enjoy a worid-wide reputation lor quality re: abilty and 
performance at a realistic price Four models available to surt the needs of the professional and hobby market «e. industry. 
Leisure, Instrumental and H-Fi etc When companng prices. NOTE all modeis include Toroidal power supply. integral heat sink 
Glass hbre P.C.B.. and Drive circuits to power compatible Vu meler Open and short arcuit proot 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP100 Mk 11 Bi-Polar Output power 110 watts 
R.M.S. into 4 ohms, Frequency Response 15Hz - 
30KHz —3dB, T.H.D. 0.01%, S.N.R. —118dB, Sens. for 
Max. output 500mV at 10K, Size 355 x 115x65mm. 
PRICE £33.99 + £3.00 P&P. 


NEW SERIES II MOS-FET MODULES 


into 4 ohms Frequency Response 1Hz - 100KHz 

-3dB. Damping Factor, >300, Slew Rate 45V uS, 

T. HD. Typical 0.002%, Input Sensitivity 560mV, S.N.R 
-125dB. Size 300 x 123 x 60mm 

PRICE £39.99 + £3.00 P&P. 


OMP/MF200 Mos-Fet Output power 200 watts R.M.S. 

into 4 ohms, Frequency Response 1Hz - 100KHz 
308, Damping Factor 2300, Slew Rate 50V'uS, 

T.H.D. Typical 0.001%, Input Sensitivity 500mV, S.N.R 
130dB. Size 300 x 155 x 100mm 

PRICE £62.99 + £3.50 P&P. 


OMP/MF300 Mos-Fet Output power 300-watts R.M.S 
into 4 ohms, Frequency Response 1Hz — 100KHz 
-3dB, Damping Factor 2300, Slew Rate 60V/uS, 
T.H.D. Typical 0.0008%, Input Sensitvity 500mV, 
S.N.R. -130dB. Size 330 x 175 x 100mm 

PRICE £79.99 + £4.50 P&P. 


NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS. STANDARD — INPUT SENS. 500mV BAND WIDTH 100K Hz 
PEC (PROFESSIONAL EQUIPMENT COMPATABL E) — INPUT SENS. 775mV. BANO WIDTH SOKHz ORDER STANDARD OR PEC 


Vu METER Compatible with our four amplifiers detailed above A very accurate visual 
display employing 11 L.E.D. diodes (7 green, 4 red) plus an additional on-off indicator 
Sophisticated logic contro! circuits for very fast nse and decay times. Tough mouided plaslic 
case, with tinted acrylic front Size 84 x 27 x 45mm 

PRICE £8.50 + 50p P&P 


LOUDSPEAKERS 


LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE- 
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p 
STAMPED) FOR COMPLETE LIST. 


McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC. 


ALL McKENZIE UNITS 8 OHMS IMPEDENCE 

8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR. EXCELLENT MID.. DISCO 

RES, FREQ, 80Hz. FREQ, RESP. TO t4KHz. SENS, 99dB PRICE £29.30 + £2.00 P&P 
10° 100 WATT C10100GP GUITAR, VOICE, ORGAN. KEYBOARD, DISCO. EXCELLENT MID 

RES, FREQ, 70Hz. FREQ, RESP, TO 6KHz. SENS, 10008 PRICE £35.53 + £2.50 P&P 
10" 200 WATT C10200GP GUITAR. KEYBOARD, DISCO, EXCELLENT HIGH POWER MID 

RES, FREQ. 45Hz. FREQ, RESP. TO 7KHz. SENS, 10308 PRICE £48.67 + £2.50 P&P 
12" 100 WATT C12100GP HIGH POWER GEN, PURPOSE. LEAD GUITAR, DISCO 

RES, FREQ. 45Hz. FREQ. RESP. TO 7KHz. SENS, 98dB PRICE £37.59 + £3.50 P&P 
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE, P.A., VOICE, DISCO 
RES, FREQ, 45Hz. FREQ, RESP, TO 14KHz. SENS, 100cB. PRICE £38.58 + £3.50 P&P 
12^ 200 WATT C12290B HIGH POWER BASS. KEYBOARDS, DISCO, P.A 

RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz. SENS, 100dB PRICE £65.79 + £3.50 P&P 
12” 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR, KEYBOARDS, DISCO, ETC 

RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz. SENS, 10008 PRICE £87.51 + £3.50 P&P 
15" 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY, PA. DISCO 

RES, FREQ, 40Hz-FREQ. RESP. TO 5KHz. SENS, 9868 PRICE £55.05 + £4.00 P&P 
15" 200 WATT C15200BS VERY HIGH POWER BASS 
RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 9908 PRICE £75.70 + £4.00 P&P 
15" 250 WATT C15250BS VERY HIGH POWER BASS 

RES, FREQ, 40Hz. FREQ. RESP. TO 4KHz. SENS, 99dB PRICE £82.54 + £4.50 P&P 
15" 400 WATT C15400BS VERY HIGH POWER, LOW FREQUENCY BASS 

RES. FREQ, 40Hz FREQ, RESP, TO 4KHz. SENS, 10208 PRICE £96.47 + £4.50 P&P 
18" 400 WATT C18404BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS 

RES. FREQ, 27Hz FREQ. RESP. TO 3KHz. SENS. 99dB. PRICE £172.06 + £5.00 P&P 
EARBENDERS:— HI-FI, STUDIO, E CAB, ETC 

ALL EARBENDER UNITS 8 OHMS (ice 38-5 e dual impede 

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND 

8" 50 WATT EBB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI. IN-CAR 

RES. FREQ. 40Hz. FREQ. RESP, TO 7KHz. SENS, 97dB PRICE £8.99 + £2.00 P&P 
10" 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4 8 OHM BASS. HI-FI, IN-CAR 

RES. FREQ, 40HZ. FREQ, RESP. TO 5KHz. SENS, 9998 PRICE £12.00 + £2.50 P&P 
10° 100 WATT EB10-100 BASS, HI-FI, STUDIO 

RES, FREQ, 35Hz FREQ. RESP, TO3KHz. SENS. 96dB PRICE £27.76 + £3.50 P&P 
12" 60 WATT EB12-60 BASS, HI-FI, STUDIO 

RES. FREQ, 28Hz. FREQ, RESP, TO 3KHz. SENS, 92dB PRICE £21.C0 + £3.00 P&P 
12 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO 

RES, FREQ. 26Hz. FREQ. RESP. TO 3KHz. SENS. 93dB PRICE £38.75 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

5'4" 60 WATT EB5-50TC (TWIN CONE) Hi-FI, MULTI-ARRAY DISCO ETC 
RES, FREQ, 63Hz FREQ. RESP TO 20KHz. SENS, 9208 

6%” 60 WATT EB6-50TC (TWIN CONE) HI-FI. MULTI-ARRAY DISCO ETC 
RES. FREQ, 38Hz. FREQ. RESP. TO 20KHz. SENS, 94dB PRICE £10.99 + £1.50 P&P 
8" 60 WATT E88-60TC (TWIN CONE) HI-FI. MULTI-ARRAY DISCO ETC 

RES, FREQ, 40Hz FREQ. RESP TO 18KHz. SENS, 890B PRICE £12.99 + £1.50 P&P 
10° 60 WATT EB10-60TC (TWIN CONE) HI-Fi, MULTI-ARRAY DISCO ETC 

RES, FREQ. 35Hz. FREQ, RESP. TO 12KHz. SENS. 860B PRICE £16.49 + £2.00 P&P 


TRANSMITTER HOBBY KITS 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE — 9 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 


PRICE £9.99 + £1.50 P&P 


3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER 
FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V (a 0.5AMP, 
PRICE £14.49 + £1.00 P&P 
FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH 
VERY SENS FET MIC. RANGE 100-300m. SIZE 56 x 46mm, SUPPLY 9V BATT, PRICE 
£8.62 + £1.00 PAP 


3 watt FM 
Transmitter 


PF POSTAL CHARGES PER ORDER £1.00 MINIMUM OFFICIAL OROERS WELCOME FROM 
SCHOOLS. COLLEGES. GOVT. BODIES. ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 


VISA ACCESS ACCEPTED BY POST, PHONE OR FAX 


* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY SERVICE * 
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST. 


OMP VARISPEED TURNTABLE CHASSIS 


* MANUAL ARM de STEEL CHASSIS de ELECTRONIC SPEED CON- 
TROL 33 à 45 A VAR! PITCH CONTROL * HIGH TORQUE SERVO 
CRIVEN DC MOTOR sr TRANSIT SCREWS * 12 DIE CAST PLATTER & 
NEON STROBE ** CALIBRATED BAL WEIGHT ft REMOVABLE HEAD 
SHELL dt + CARTRIDGE FIXINGS # CUE LEVER dr POWER 220 240V 
5060Hz de 390x305mm dr SUPPLIED WITH MOUNTING CUT-OUT 


TEMPLATE 
PRICE £59.99 + £3.50 P&P. 


STANTON AL500 
PRICE £16.99 + 50p P&P 


GOLDRING G850 
PRICE £6.99 + 50p P&P 


NEW MXF SERIES OF POWER AMPLIFIERS 
THREE MODELS:— MXF200 (100w + 100w) 
MXF400 (200w + 200w) MXF600 (300w + 300w) 


All power ratings R.M.S. into 4 ohms 


FEATURES: + Independent power supplies with two Toroidal Transformers + Twin L.E.D. Vu meters + Rotary 
indended level controls + Iliuminated on/off switch  XLR connectors + Standard 775mV inputs + Open and short 
circuit proof + Latest Mos-Fets for stress free power delivery into virtually any load + High slew rate + Very low 
distortion * Aluminium cases + MXF620 Fan Cooled with D.C. Loudspeaker and Thermal Protection 
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 
SIZES:— MXF 200 W19 xH3¥2" (2U)xD11 
MXF 400 W19 xH5'4' (3U)xD12 
MXF 600 W19"xH5%" (3U)xD13 
MXF200 £171.35 
PRICES: MXF400 £228.85 
MXF600 £322.00 
SECURICOR DELIVERY £12.00 EACH 


OMP LINNET LOUDSPEAKERS 


THE VERY BEST IN QUALITY ANO VALUE 


IN CAR STEREO 
BOOSTER AMPLIFIER 


MAOE ESPECIALLY TO SUIT 
TODAY'S NEED FOR COM. 
PACTNESS WITH HIGH OUTPUT 
SOUNO LEVELS. FINISHEO IN 
HAROWEARING BLACK VYNIOE 
WITH PROTECTIVE CORNERS 
GRILLE ANO CARRYING HANDLE 
INCORPORATES 12° ORIVER PLUS 
HIGH FREQ. HORN FOR FULL 
FREQ. RANGE. 45Hz-20KHz BOTH 
MODELS 8 OHM. SIZE H18' x W15 
x DIZ 


TWO SUPERB HIGH 
POWER CAR STEREO 
BOOSTER AMPLIFIERS 


CHOICE OF TWO MODELS 


+ HIGH & LOW INPUT IMPEDANCES 
* HIGH & LOW INPUT SENSITIVITIES 
BLE INPUT GAI CONTROL 


POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 


OMP 12-100 (100W 100dB) PRICE £159.99 PER PAIR 
OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR 


SECURICOR DEL.:— £12.00 PER PAIR 


PIEZO ELECTRIC TWEETERS-MOTOROLA 


PIEZO ELECTRIC TWEETERS — MOTOROLA 

Join the Piezo ravolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved transient 
response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required these units can 
be added to aee systems of up to 100 watts (more if 2 put series). FREE EXPLANATORY LEAFLETS 


SUPPLIED WITH EACH TWEETER TYPE "A" (KSN2036A) 3° round with protective wire 
mesh. ideal for bookshelf and medium sized Hi-fi 
speakers. Price £4.90 each + 50p P&P 
TYPE 'B' (KSN1005A) 3° super horn. For general 
purpose speakers, disco and P. A. systems etc. Price 
£5.99 each + 50p P&P 
TYPE 'C' (KSN6016A) 2'x5 wide dispersion horn. For 
Quality Hi-fi systems and quality discos etc. Price £6.99 
each + 50p P&P. 

TYPE 'D' (KSN1025A) 2'x6' wide dispersion horn 
Upper frequency response retained extending down to 
ma range (2KHz). Suitable for high quality Hi-fi systems 

aa discos. Price £9.99 each + 50p P&P 

Type E' (KSN1038A) 3%" horn tweeter with attractive 
silver finish trim. Suitable tor Hi-fi monitor systems etc 
Price £5.99 each + 50p P&P 

LEVEL CONTROL Combines on a recessed mounting 
plate. level control and cabinet input jack socket 
85x85mm. Price £3.99 + 50p P&P 


STEREO DISCO MIXER 


STEREO DISCO MIXER with 2 x 5bandL 8 R 
graphic egualisers and twin 10 segment L.E.D 
Vu Meters. Many outstanding features 5 Inputs 
with individual faders providing a useful com- 
bination of the following 

3 Turntables (Mag). 3 Mics. 4 Line including CD 
plus Mic with taik over switch Headphone Moni 
tor. Pan Pot L. 8 R. Master Output controls 
Output 775mV. Size 360 x 280x 90mm. Supply 
220-240v 

Price £134.99 — £4.00 P&P 


B. K. ELECTRONICS ven: 


UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR 
TEL: 0702-527572 FAX: 0702-420243 


WER | REQUIREMENT 12v. D.C 
PRICES 150 WATT £43.00 
300 WATT £95.00 + £3.00 P&P EACH 


1992 BUYER'S GUIDE TO ELECTRONIC COMPONENTS * 
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Over 600 product packed pages with more | 
than 600 brand new products. On sale - 
from September 6th, only £2.75 | 


Available from all branches of WHSMITH and — + 
Maplin shops nationwide. Hundreds of new products |, 


at super low prices! tu 
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